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Abstract 
Background 
People with mental disorders die at a younger age than people without mental 
disorders. This differential mortality is mainly attributable to an increased risk of 
chronic physical conditions such as cardiovascular and metabolic diseases. One 
known modifiable risk factor associated with chronic physical conditions is physical 
activity. There is a large body of evidence from general community samples linking 
increased physical activity with better health outcomes. Currently, the comparable 
evidence base for people with mental disorders is promising but less robust. There is 
a need for a better understanding of the relationship between mental disorders and 
physical activity.   
 
Aims 
This thesis examines the association between mental disorders and physical activity 
to address three gaps identified in the literature: 
I. What is the cross-sectional association between common mental disorders 
and physical activity status? 
II. What factors are associated with physical activity status among people 
with severe mental disorders? 
III. What is the longitudinal association between mental disorders at baseline 
and subsequent physical activity status? 
 
Methods 
Pre-existing large-scale research databases were examined to address the three 
research questions. The data from the National Survey of Mental Health and 
Wellbeing and Mater-University Study of Pregnancy and its outcomes to investigate 
the Aim One, the Survey of High Impact Psychosis for Aim Two, and the Mater-
University Study of Pregnancy and its outcomes for Aim Three. A systematic review 
was conducted to explore Aim Three further.  
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Results 
Key findings emerging from this work were:  
I. The absence of cross-sectional association between common mental 
disorders and physical activity status. 
II. Social engagement was associated with increased physical activity status 
among people with psychotic disorders. 
III. The absence of longitudinal association between baseline mental 
disorders and subsequent physical activity status.  
 
Discussion 
The findings suggest that a diagnosis of mental disorders per se is not associated 
with reduced physical activity. That is, mental disorders are not a barrier to 
engagement in physical activity. Given how prevalent mental disorders are, 
combined with the differential mortality compared to the general population, the 
wider implementation of effective and sustainable physical activity interventions for 
people with mental disorders is indicated.  
 
Conclusions 
Based on three large Australian epidemiological studies and a systematic review, no 
association was identified between mental disorders and reduced physical activity 
status. While more research is needed to better understand this complex 
relationship, the clinician’s illusion that mental disorders negatively impact physical 
activity should not be a barrier to programs that encourage additional physical 
activity for people with mental disorders. A better physical activity measurement 
would allow for a more detailed examination of the relationship. Future research 
should also explore findings related to the association between loneliness and 
physical activity. For example, it would be of interest to explore if group activities 
could address both factors related to (a) social inclusiveness and loneliness, and (b) 
opportunities to participate in more demanding additional physical activity. With this 
added knowledge, it is time to translate the efficacy seen in clinical trials into 
effective implementation in every day clinical practice.  
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The Differential Mortality in People with Mental Disorders  
More than ten years ago, a systematic review (Saha et al., 2007) demonstrated the 
widening gap over time in the differential mortality in people with schizophrenia 
compared to the general population. The study explored the standardized mortality 
ratios (SMRs) for people with schizophrenia compared to the general population. 
The median SMR for all-cause death was 2.58 in this study, meaning that individuals 
with a diagnosis of schizophrenia were 2.58 times more likely to die compared to 
someone of the same age and sex from the same population without the diagnosis. 
While the SMRs for unnatural causes were markedly elevated (e.g., the SMR for 
suicide was estimated to be 12.86), the SMRs were significantly higher for many 
chronic physical conditions including cardiovascular disease (CVD) (SMR = 1.79) 
and endocrine disease (SMR = 2.63). Further, the study analyzed the data over 
three decades between the 1970s and the 1990s, and found that the median SMRs 
significantly worsened over this period. The median SMR for schizophrenia 
increased from 1.84 in the 1970s, to 2.98 in the 1980s, and 3.20 in the 1990s. As the 
absolute mortality rate of those with schizophrenia was generally stable over the 
three decades while the rates for the general population were improving, the authors 
postulated that the widening gap may be due to people with schizophrenia not 
gaining the full benefit from health interventions and lifestyle enhancement that the 
general population had undergone in the same period. More recently, another 
systematic review (Hjorthoj et al., 2017) estimated that the diagnosis of 
schizophrenia was associated with nearly 15 years of potential life lost, and there 
was no obvious trend of lessening over the proceeding decades. Furthermore, a 
large Finnish cohort study from 1984 to 2014 showed that even though there was a 
marked reduction in deaths from suicide among people with schizophrenia, there 
were increasing trends for deaths from chronic physical conditions such as CVD 
(Tanskanen et al., 2018). 
 
This differential mortality is not confined to those with severe mental disorders 
(SMDs). An Australian study (Lawrence et al., 2013) found that the life expectancies 
for males and females in the general population improved from 73.1 and 79.3 years 
in 1985, to 79.1 and 83.8 years in 2005, respectively. In comparison, individuals with 
any mental disorder diagnosis continued to have significantly reduced life 
20 
 
expectancies with 59.6 and 68.9 years in 1985, to 63.2 and 71.8 years in 2005, for 
males and females respectively. People with diagnoses of common mental disorders 
(CMDs) such as affective disorders, anxiety disorders, and substance use disorders, 
showed similar reductions in life expectancies as SMDs. Consistent with studies in 
people with SMDs, the authors also found the majority of this differential mortality 
was due to chronic physical conditions such as CVD and metabolic disease. More 
recently, Walker et al (2015) examined data from 203 studies and demonstrated that 
people with mental disorders have a significantly increased mortality risk compared 
to the general population (relative risk [RR] 2.22 with 95% confident interval [CI] 
between 2.12 and 2.33), and this was seen in a wide range of mental disorder 
diagnoses including psychotic disorders (RR 2.54, 95% CI: 2.35-2.75), affective 
disorders (RR 2.08, 95% CI:1.89-2.30), and anxiety disorders (RR 1.43, 95% 
CI:1.24-1.64).  
 
It is likely that the relationship between mental disorders and chronic physical 
conditions is complex, confounded by a poorly understood set of genetic and 
environmental factors (Prince et al., 2007, Suetani et al., 2018b). Regardless of the 
underlying etiology and pathogenesis, studies from many countries (Brown et al., 
2010, Crump et al., 2013, Druss et al., 2011, Hayes et al., 2017), examining different 
mental disorder diagnoses (Bjorkenstam et al., 2012, Laursen et al., 2016, Westman 
et al., 2015), have consistently demonstrated the significant differential mortality 
among people living with mental disorders, both CMDs and SMDs.  
 
This differential mortality has generated numerous calls for action. Many have 
challenged the field with papers with provocative titles such as “Physical health 
disparities and mental illness: the scandal of premature mortality” (Thornicroft, 2011) 
and “Mental disorders and mortality: so many publications, so little change” (Stewart, 
2015), indicating the significance and the urgency of the matter (McGrath, 2016).  
 
Physical Activity 
Physical activity (PA) is commonly defined as ‘any bodily movement produced by 
skeletal muscles that results in energy expenditure’ (Caspersen et al., 1985). PA can 
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be either structured (i.e., exercise) or incidental (e.g., occupational and transport 
related) (Strath et al., 2013). Structural PA can be completed alone (e.g. walking) or 
in a group (e.g. team sports). Incidental PA is often engaged in as part of the 
process of completing another task where PA engagement is not the primary 
intention (e.g. walking to the bus, or going up the stairs at work). On one side of the 
spectrum lies sedentary behavior, usually defined as no bodily movement, or time 
spent sitting (Hallal et al., 2012). Along the continuum lie different levels of PA 
ranging from light/low, moderate, to vigorous. Levels and status of PA can be 
measured in many different ways, both objectively and subjectively. The PA intensity 
is often categorized according to the Metabolic Equivalent of Task (MET) (Ainsworth 
et al., 1993). One MET is defined as the energy expenditure required for sitting 
quietly – which is roughly around 1 kcal per minute for an average adult. Light 
intensity PA is defined as activities that require less than 3 METs (e.g. walking slowly 
or fishing). Moderate intensity PA requires three to six times as much energy per 
minute (3-6 METs) compared to sitting quietly (e.g., doubles tennis or vacuuming). 
Vigorous-intensity PA requires more than 6 METs (e.g., jogging or carrying heavy 
loads). 
 
The Benefits of Physical Activity  
PA has been recognized as a critical component in daily activity that can improve 
health outcomes. Effective interventions targeting modifiable risk factors could 
reduce the burden of chronic physical conditions. (Ward et al., 2015). It is feasible 
that the differential mortality may be reduced with assertive management of the 
modifiable risk factors. Low PA is one such intervention target. In the general 
population, there is a large body of evidence linking increased PA and reduced 
premature mortality (Paffenbarger et al., 1986, Leitzmann et al., 2007). This 
relationship is most robust for the association between increased PA and reduced 
risk of cardio-metabolic morbidities (Lee et al., 2012, Colberg et al., 2010). 
  
A very large prospective study examining self-reported PA levels of retired 
individuals in the United States (n = 252,925) demonstrated that at the six month 
follow up, the mortality risk was significantly reduced in those engaging in a vigorous 
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level of PA compared to the physically inactive group (RR = 0.68: 95% CI 0.64 - 
0.73) (Leitzmann et al., 2007). Likewise, those who engaged in a moderate level of 
PA also showed a reduced risk of mortality (RR = 0.73: 95% CI 0.68-0.78). Of note, 
even those who did not meet the recommended level (defined in this study as at 
least 180 minutes of the moderate or more intense level of PA) showed a 
significantly reduced risk of mortality compared to those who were inactive (RR = 
0.81: 95% CI 0.76 – 0.86). More recently, a study that combined data from six 
population-based cohorts from the United States and Europe (n = 661,137) 
demonstrated a comparable benefit of PA in those who met, or exceeded, the 
recommended PA level (Arem et al., 2015). In this study, the recommended PA level 
was defined as performing more than 7.5 MET hours per week of PA. Once again, 
even those who did not meet the recommended PA level showed a lesser yet 
statistically significant reduction in mortality with a hazard ratio (HR) of 0.80 (95% CI 
0.78 - 0.82) compared to those who engaged in no PA. The protective effect of PA 
was most prominent in those who engaged in three to five times the PA 
recommendation (HR = 0.61: 95% CI 0.59-0.62). Overall, these findings provide 
convincing evidence that any PA appears to be more beneficial than no PA in 
reducing all-cause mortality in the general population.  
 
For those with mental disorders, the epidemiological evidence linking PA and 
mortality is scant. It would be methodologically challenging to conduct studies 
examining the relationship between PA status and mortality rates among this cohort 
due to the episodic nature of many mental disorders. On the other hand, the 
evidence base for experimental studies among people with mental disorders – that 
is, the efficacy of PA interventions – is growing. For example, one systematic review 
(Rosenbaum et al., 2014) examining the effects of PA interventions found them to be 
effective at reducing both physiological measures such as waist circumference and 
BMI, as well as depressive symptoms, regardless of the exact psychiatric diagnoses. 
Two reviews (Schuch et al., 2016b, Schuch et al., 2016c) that examined the effects 
of PA interventions in people with depression demonstrated that; (i) PA interventions 
were associated with improvement in subjective physical wellbeing, and (ii) PA 
interventions were associated with improvements in depressive symptoms in 
individuals with depressive disorders. There are very few studies that have examined 
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the benefits of PA interventions in anxiety disorders or substance use disorders. 
Another systematic review that focused on people with schizophrenia (Firth et al., 
2015) found that PA interventions had no significant effect on BMI but demonstrated 
improvement in measures of physical fitness, as well as reducing both positive and 
negative symptoms of schizophrenia.  
 
It should be noted, however, that experimental studies are often limited by factors 
such as selection bias (e.g., participants who complete the study are more likely to 
be motivated to be physically active than non-participants) and short study duration 
(e.g., most experimental studies last weeks whereas most mental disorders persist 
for years if not decades) (Chekroud, 2019). These factors may be particularly 
significant in people with mental disorders where things like symptoms of the illness 
(e.g., negative symptoms, depressed mood) and medication side effects (e.g., many 
psychotropic medications can cause sedation) may further contribute to the non-
participation.   
 
Even though the benefits of PA in reducing mortality and morbidity in people with 
mental disorders have not been shown, it is likely that the benefits seen in the 
general population will also be evident among people with mental disorders. Further, 
findings from a growing body of interventional studies suggest that PA may be an 
efficacious treatment option to improve both physical and psychological wellbeing in 
this cohort. Thus, understanding the association between mental disorders and PA is 
important. 
 
The Association between Mental Disorders and Physical Activity  
The current epidemiological evidence for the association between CMDs and PA is 
inconsistent. The Netherlands Mental Health Survey and Incidence Study (n = 7,076) 
reported that individuals that had any CMDs in the previous year had reduced PA 
engagement compared to those without CMDs (Ten Have et al., 2011). The United 
States National Comorbidity Survey (n = 5,877) (Goodwin, 2003) found that 
compared to individuals without CMDs, those with a diagnosis of major depression, 
agoraphobia, specific phobia, or panic attacks in the past 12 months had lower PA 
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status. There were, however, no significant associations between PA status and 
dysthymia, bipolar disorder, generalized anxiety disorder, alcohol dependence, or 
substance dependence. Curiously, another study from the United States (n = 23,505) 
found that both the prevalence and incidence of CMDs in the past 12 months were 
associated with higher levels of PA (Dakwar et al., 2012). As the effects were largely 
driven by individuals with substance use disorders and bipolar disorders, the authors 
postulated that increased PA may be due to the high risk traits associated with these 
disorders.  
 
A recent meta-analysis of 35 studies, consisting of both observational and 
interventional studies, found that people with schizophrenia engaged in significantly 
less moderate or vigorous PA compared to the control samples. When the PA data 
were combined, it was estimated that 56.6% of people with schizophrenia met the 
recommended 150 minutes of moderate PA per week (Stubbs et al., 2016a). For 
SMD more generally, one cross-sectional study from the United Kingdom estimated 
that 44% of community patients with schizophrenia were engaged in low-intensity PA 
while only 12% were engaged in high-intensity PA according to the International 
Physical Activity Questionnaire (IPAQ) (Gardner-Sood et al., 2015). A study from the 
United States estimated 25% of community patients with SMDs to be physically 
inactive (defined in this study as engaging in no exercise/sports/physically active 
hobbies in the past month) (Daumit et al., 2005).  
 
There have been few longitudinal cohort studies that have examined the impact of 
mental health status or mental disorders on subsequent PA status, and the findings 
of these studies are inconsistent. In adolescents, a study from Canada (n = 860) 
found that those with higher depressive symptom scores at age 12 were less likely to 
engage in moderate-intensity PA or team sports at age 21, but there was no 
significant association for vigorous-intensity PA (Sabiston et al., 2013). A study from 
Norway (n = 924) found that the baseline depressive symptoms at age 13 were not 
associated with moderate-to-vigorous PA engagement at age 23 (Birkeland et al., 
2009). Finally, a British birth cohort study (n = 12,776) found that higher externalizing 
symptoms at age 16 predicted lower PA status at age 42, but not at age 33 or 50. 
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There was no association between internalizing symptoms at age 16 and mid-life PA 
status (Pinto Pereira et al., 2014). Similarly, few studies have examined the impact of 
mental disorder diagnoses (as opposed to symptoms) on subsequent PA status. In a 
cohort of 496 adolescent females (mean age 13) in the United States, Jerstad et al. 
(2010) found that depression diagnosis at baseline was associated with reduced PA 
status six years later. A larger study of 1,027 adolescents (initial age between 16 and 
17) that included both males and females in Canada (Naicker et al., 2013) found no 
association between baseline adolescent depressive disorder diagnosis and PA 
status over the subsequent ten years. Moreover, Hiles et al. (2017) found that adults 
with either anxiety or comorbid anxiety and depression had significantly reduced PA 
engagement two years later compared to the healthy control group in the 
Netherlands. There was, however, no association seen in those who had a diagnosis 
of depression alone.  
 
There are some important gaps in our current understanding of the relationship 
between mental disorders and PA. First, there has been little in-depth assessment of 
the association between CMDs and PA based on representative community cohorts 
from Australia. This issue is especially critical given that many people with CMDs 
often do not seek help and/or receive treatment for their condition (Slade et al., 
2009). Studies based on clinical samples could be biased with more chronic and 
disabled participants. Moreover, given the inconsistent results from studies 
conducted in other developed countries, an understanding of the relationship in the 
Australian setting is needed. To fill this gap, this thesis examined a large Australian 
community cohort study (the Australian National Survey of Mental Health and 
Wellbeing 2007) that included non-help seeking participants who meet the criteria for 
a diagnosis of CMD as well as those who did not meet criteria for any CMD 
diagnosis.  
 
Similarly, an examination of factors associated with PA status in people living with 
SMDs in Australia (i.e., why some people with SMDs are physically active while 
others are not) is lacking. In order to optimize PA engagement in those with SMDs, it 
is important to understand the socio-demographic and clinical factors that are 
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associated with increased PA (Vancampfort et al., 2012a, Bauman et al., 2002, 
Suetani et al., 2016a). In a comprehensive systematic review of PA correlates in 
individuals with schizophrenia (Vancampfort et al., 2012a), the most consistent 
associations identified were between low PA and the presence of negative syndrome 
and cardio-metabolic comorbidities such as metabolic syndrome and obesity. The 
review also identified significant limitations in the existing studies. Almost all included 
studies used clinically-biased samples (e.g., people with metabolic syndrome, or 
people on antipsychotic medications) with only one population-based cohort from 
Spain (n=1,740) (Arango et al., 2008, Bobes et al., 2010). To fill this gap, this thesis 
investigated a population-based cohort using data from the Survey of High Impact 
Psychosis (SHIP), the largest cross-sectional study ever conducted for community 
living individuals with SMDs in Australia.  
 
Finally, few studies have examined the impact of mental disorders on subsequent 
PA status. No Australian study has examined this longitudinal relationship, and there 
has been no study either locally or internationally that has examined the effect of 
having mental disorders other than depressive or anxiety disorders on subsequent 
PA status. Cross-sectional studies are ill-equipped to determine how mental 
disorders may be impacting on PA status. For instance, having a diagnosis of 
depression and low PA at the same time in one cross-sectional point could indicate 
that (i) depression causes low PA, (ii) low PA causes depression, or (iii) they are not 
related at all. To fill this gap, this thesis explored the temporal association between 
mental disorders and PA status using data from the Mater-University Study of 
Pregnancy and its outcomes (MUSP). MUSP is a longitudinal cohort study from 
Brisbane, Queensland, Australia. The impact of mental health status at two critical 
time points in life – at age 14 (adolescence) and age 21 (young adulthood) – were 
examined. The importance of these two times periods is three-fold. Firstly, many 
people experience their onset of mental disorders early in their lives, typically in their 
late teens and twenties (Kessler et al., 2007b). These time periods (adolescence v. 
young adulthood) capture the developmental periods with the highest incidence of 
onset of psychological distress and mental disorder symptoms. Secondly, regarding 
PA, these two time periods present two distinct phases in the life course. In 
adolescence, exercise (a form of intentional PA) is often enforced by the Australian 
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education curriculum, while during young adulthood PA engagement requires more 
self-motivation and organization (compared to younger ages). Thirdly, these time 
points cover a pivotal time in life before the onset of most chronic physical conditions 
that contribute to the differential mortality. This may be the time when interventions 
are particularly effective in reducing future mortality. In the MUSP, the Youth Self-
Report (YSR) score was used to determine the emotional and behavioral problems 
in participants at age 14. While the YSR scores are not indicative of mental disorders 
per se, this is appropriate in adolescents given that formal diagnoses of mental 
disorders may lack validity (Pearson, 2017).  
 
Unlike the Australian National Survey of Mental Health and Wellbeing and the SHIP, 
data from the MUSP did not extend beyond young adulthood. To investigate the 
longitudinal association between mental disorders and PA over a wider life span, a 
systematic review was conducted for this thesis.   
         
Thesis Focus 
The literature suggests that; 
 People with mental disorders (both CMDs and SMDs) die significantly 
younger than those without, largely due to chronic physical conditions.  
 PA is a modifiable factor that is associated with a reduced risk of mortality. 
 The relationship between mental disorders and PA is not well established.  
 
Mental health professionals often experience the ‘clinician’s illusion’ (Cohen and 
Cohen, 1984). This phenomenon is a consequence of building clinical impressions 
based solely on the type of patients under direct care. As a personal example, I am a 
community psychiatrist specializing in people with psychotic disorders in the tertiary 
treatment setting. I mostly see patients who have not responded to standard 
treatments, and struggling to cope with the symptoms of the disease. This bias leads 
to a false assumption that many individuals with a diagnosis of a psychotic disorder 
have a poor outcome (Gotfredsen et al., 2017, Harding and Zahniser, 1994). I do not 
continue to see patients once their symptoms improve significantly, and I do not see 
people whose symptoms are well managed. Similarly, we often assume that mental 
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disorders negatively impact on PA status based on what we see in our patients in 
our clinical practice (e.g. people suffering from melancholic depression, severe social 
anxiety, or prominent negative symptoms of schizophrenia). During the development 
of the thesis questions, many colleagues in the public sector told me that people with 
mental disorders would have reduced PA status. I began to wonder that this clinical 
opinion was based on non-representative samples of people with mental disorders. I 
wondered if we were guilty of a clinician’s illusion when we talk about PA in people 
with mental disorders.  
 
This thesis utilized data from large population studies that included people who met 
diagnostic criteria for mental disorders but were not seeking or in treatment - people 
who were living as the “general population” (i.e., individuals who did not meet the 
criteria for mental disorders). The thesis investigated the impact of mental disorders 
in people who no longer needed tertiary level intervention, people who were no 
longer at the worst point of their illness, people whose symptoms were well managed 
to start with, and people who had got better. In other words, this thesis studied the 
majority of people living with mental disorders in Australia.              
 
This thesis will examine three broad aims: 
I. What is the cross-sectional association between CMDs and PA status? 
II. What are the factors associated with PA status among people with SMDs? 
III. What is the longitudinal association between mental disorders at baseline and 
subsequent PA status? 
 
Chapter 2 will examine Aim One using data from the Australian National Survey of 
Mental Health and Wellbeing 2007. Chapter 3 will investigate Aim Two using the 
data from the SHIP. For Aim Three, data from the MUSP was used in Chapters 4 
and 5. A systematic review of the existing evidence forms Chapter 6.  
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As this thesis consists of Chapters based on papers published in peer-review 
academic journals, there will be some repetition, especially in the introduction and 
method sections of each Chapter.   
 
It was predicted that:  
I. People with a diagnosis of CMD would have lower PA status compared to 
those without CMD and the impact of CMD would be more pronounced if the 
individuals had symptoms more recently, or met diagnostic criteria for more 
than one CMD.  
II. In people with SMDs, clinical factors such as longer duration of illness, type of 
psychotic illness (non-affective compared to affective disorders), and the use 
of antipsychotic medication (compared to no antipsychotic medication), the 
presence of negative symptoms, the presence of comorbid physical illness, 
and social isolation would have a significant association with reduced PA. 
Other factors seen in the general population (Bauman et al., 2012) such as 
age, sex, and social functioning would also have a significant impact on this 
population.  
III. People with a diagnosis of mental disorder at baseline would have lower 
subsequent PA status compared to those without a mental disorder. This 
association would be more pronounced in adolescence and young adulthood 
when most mental disorders first emerge (Kessler et al., 2007b), and life-long 
pattern of PA becomes established in many people (Due et al., 2011). 
 
I believe that investigating these Aims will provide us with a better understanding of 
the relationship between mental disorders and PA. In particular, I decided to focus 
on examining how mental disorders may impact on subsequent PA status. While the 
reverse association (i.e., how PA may impact on the future mental disorder status) is 
an interesting question that warrants research, it is outside the scope of my thesis. 
Improved understanding of the relationship between mental disorders and PA will 
provide a stronger empirical foundation upon which to formulate intervention studies, 
and to facilitate more effective treatment provision for our patients. 
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Chapter 2 
Common Mental Disorders and Physical Activity Status 
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Overview  
This Chapter investigates Aim One; what is the cross-sectional association between 
CMDs and PA status? We examined the association between a lifetime and past 
year history of CMDs, and recent PA status using a large, nationally representative 
population-based sample from Australia. We predicted that a history of a CMD would 
be associated with insufficient PA. 
 
The study was based on the Australian National Survey of Mental Health and 
Wellbeing 2007 (n = 8,841). The Composite International Diagnostic Interview (CIDI) 
was used to identify a lifetime and past year history of CMDs. PA over the preceding 
week was estimated using the questions based on the Active Australia Survey with 
respondents classified as either insufficiently physically active or sufficiently 
physically active based on national recommendations. We examined the relationship 
between the variables of interest using logistic regression, adjusting for potential 
confounding factors.  
 
Almost half of the participants (46.0%) were classified as having sufficient PA over 
the prior week. Compared to those with no past mental disorder, those with a lifetime 
or past year history of CMDs did not differ on recent PA status. Furthermore, we 
found no significant association between the number of lifetime mental disorders and 
recent PA status.  
 
Our findings suggest that a diagnosis of CMD, with or without recent symptoms and 
comorbid diagnoses, is not associated with insufficient PA.   
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Introduction   
Individuals with CMDs, including affective disorders, anxiety disorders, and 
substance use disorders, are at an increased risk of physical comorbidity (Scott et 
al., 2016, Prince et al., 2007) and premature mortality (Lawrence et al., 2013). 
Modifiable lifestyle factors such as poor diet, smoking, and low PA contribute to 
preventable physical comorbidities such as metabolic and CVD (Scott et al., 2013, 
Vancampfort et al., 2015a, Bjorkenstam et al., 2012). In particular, there is an 
accumulating body of evidence to suggest that increased PA is associated with 
improved physical condition (Arem et al., 2015).  
 
Currently, the empirical evidence exploring the association between CMDs and PA is 
mixed. For instance, the Netherlands Mental Health Survey and Incidence Study (n = 
7,076) reported that individuals with a 12-month prevalence of CMDs had lower PA 
(Ten Have et al., 2011). The United States National Comorbidity Survey (n= 5,877) 
found that compared to individuals without CMDs, those with major depression, 
agoraphobia, specific phobia, and panic attacks in the past 12 months had lower PA. 
There were, however, no significant associations between the amount of PA and 
dysthymia, bipolar disorder, generalized anxiety disorder, alcohol dependence, or 
substance dependence (Goodwin, 2003). Paradoxically, a more recent study from 
the United States (n = 23,505) found that both the prevalence and incidence of 
CMDs in the past 12 months were associated with higher levels of PA (Dakwar et al., 
2012). As the effects were largely driven by individuals with substance use disorders 
and bipolar disorders, the authors postulated that increased PA may be due to the 
high risk traits associated with these disorders. It is important to note that there were 
several limitations to these population studies. Most significantly, only one of the 
studies (Dakwar et al., 2012) used validated questionnaires to measure the amount 
of PA.  
 
In the current Chapter, we explored the relationship between CMDs and PA using a 
large population-based sample from Australia. We hypothesized that the individuals 
with a lifetime history of CMDs were likely to have lower PA (reported for the past 
week) compared to those without a lifetime history CMD. We also hypothesized that 
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individuals who have had mental disorders with active symptoms in the last 12 
months were more likely to have lower PA compared to those without a lifetime 
history of CMD. Furthermore, to examine the possible impact of mental disorder 
comorbidity (i.e., more than one type of mental disorder), we examined if PA was 
associated with the count of CMDs. We hypothesized that people with two or more 
CMD would be less likely to have sufficient PA compared to those with no CMD.   
 
Methods 
Participants  
Participants were drawn from the Australian National Survey of Mental Health and 
Wellbeing 2007. The Survey was a national face-to-face household survey of 
community residents aged between 16 and 85 years. Sampling was based on 
random selection from a stratified, multistage area probability sample of private 
dwellings. Interviews were carried out by trained interviewers from the Australian 
Bureau of Statistics, a statutory body responsible for conducting such surveys using 
ethical protocols that include written consent. In total, 8,841 individuals participated 
in the survey. 
 
Diagnostic Classification 
The World Mental Health Survey Initiative version of the CIDI (Kessler and Ustun, 
2004) was used as the base interview. This version of the instrument collects both 
diagnostic information on a broad range of mental disorders and information on risk 
factors, impacts, patterns and treatment of mental disorders. The CIDI assessed the 
prevalence of disorder over both the lifetime and past twelve months. Diagnoses 
were defined according to the tenth edition International Classification of Disorders 
(ICD-10) (World Health Organization., 1992). The diagnoses were categorized into 
three broad domains: (i) affective disorders which include depression, dysthymia, 
and bipolar affective disorder; (ii) anxiety disorders which include agoraphobia, social 
phobia, panic disorder, generalized anxiety disorder, obsessive compulsive disorder, 
and post-traumatic stress disorder; and (iii) substance use disorders which include 
harmful use and dependence derived separately for alcohol, cannabis, sedatives, 
stimulants and opioids. In our analyses, we further divided these lifetime diagnosis 
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group into two subgroups; (i) those without any active symptoms of the diagnosed 
disorders in the past 12 months, and (ii) those who have experienced active 
symptoms in the last 12 months. We also had the opportunity to explore if 
comorbidity between mental disorders was associated with reduced PA. We 
assessed this by creating an indicator variable to one, two, or three or more lifetime 
CMDs. We compared those with no lifetime diagnosis of CMD with those with one, 
two, and three or more diagnoses.  
 
Physical Activity  
PA was measured using items based on the Active Australia Survey (Australian 
Institute of Health and Welfare., 2003). The survey, commonly used in Australian 
population studies (Astell-Burt et al., 2013, Berry et al., 2016), offers a short and 
reliable set of questions that can be easily implemented in face-to-face interviews. 
The survey has been shown to have adequate reliability (Brown et al., 2004) and 
acceptable validity when assessed against pedometer, and combined pedometer 
and accelerometer readings (Heesch et al., 2011, Brown et al., 2008). The survey 
asks the frequency and duration spent in the last one week doing: (i) walking longer 
than ten minutes; (ii) any vigorous PA excluding household chores, gardening or 
yard work; (iii) any other PA. Both the frequency and the duration of PA are 
considered for estimation of the “sufficient level” of PA. Individuals reporting no 
activity at all to these questions are classified as sedentary. Individuals doing at least 
150 minutes of activity over at least five sessions are classified as ‘sufficiently 
active’. The remainder is classified as ‘insufficiently active’ (i.e., participating in some 
activity but either not enough in total frequency (less than five sessions per week) or 
duration (less than 150 minutes per week) to obtain a health benefit). For this study, 
we dichotomized the PA classification into sufficient PA versus insufficient PA 
(including those who were sedentary) categories. 
 
Sociodemographic and Lifestyle Variables  
A range of variables related to PA were examined (Table 2.1). Age was divided into 
four quartiles (16 – 30, 31 – 44, 45 – 61, and 62 – 85 years). Education status was 
dichotomized into those who had a post-high school qualification (e.g., bachelor 
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degree and diploma), and those who did not. Labor force participation was 
determined by self-report and dichotomized into those who were in paid work either 
fulltime or part time, and those who were not. Marital status was divided into: (i) 
married; (ii) single, never married; and, (iii) separated, divorced or widowed. Two 
measures of social connectedness were used. Frequency of contact - including 
visits, phone calls, letters, or electronic mail messages - with family members was 
determined by self-report. Likewise, the frequency of contact with friends was 
determined by self-report. Family contact and friends contact were divided into three 
categories (nearly every day, 1 to 4 days a week, less than 1 day a week).  
 
BMI was categorized according to the World Health Organization criteria (World 
Health Organization, 1995) into underweight (less than 18.5), normal (between 18.5 
and 24.9), overweight (between 25.0 and 29.9), and obese (30.0 or more). We 
combined the underweight and normal categories for our analysis. Self-reported 
physical health status and self-reported mental health status were determined using 
5-point scales (excellent to poor); we divided the groups into three categories 
(excellent/very good, good, and fair/poor). 
 
Data Analysis 
Descriptive statistics were used to summarize the key characteristics of PA. For the 
main analysis, we used logistic regression to examine the association between PA 
groups and sociodemographic and lifestyle variables, as well as mental disorder 
types. ORs with 95% CIs were used to estimate the likelihood of participants being 
sufficiently active with adjustment for age and sex (Model 1), and for age and sex as 
well as education, employment, marital status, contact with family, contact with 
friends, BMI, smoking status, self-reported physical health status, and self-reported 
mental health status (Model 2). For analyses of relationships between the number of 
different mental disorder subtypes and PA, ORs with 95% CIs were calculated to 
estimate the likelihood of participants being sufficiently active after adjusting for age 
and sex. Analyses were conducted with SAS (version 9.4; SAS Institute, Cary, NC, 
USA) using weightings to match census population distribution on a number of 
geographic and socio-demographic variables. This adjusted for differential 
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probabilities of selection within households, over-sampling of population subgroups 
and non-responses.   
 
Results 
Out of 8,841 participants, almost half (n = 4,065, 46.0%) were classified as 
sufficiently physically active while 38.3% (n = 3,387) were considered to be 
insufficiently active. 15.7% (1,389) were considered to be sedentary. The 
distributions of the key demographic variables are shown in Table 2.1.   
 
In multivariable models (Model 2), most variables examined showed a statistically 
significant association with PA status. Specifically, compared to females, males were 
more likely to be sufficiently physically active. Having a post high school qualification 
(compared to not having any), being in the labor force (compared to not being in the 
labor force), having never married (compared to being married), having frequent 
contact with friends (compared to having fewer contacts), and being a non-smoker 
(compared to being a smoker) were each associated with an increased likelihood of 
sufficient PA. On the other hand, being obese (compared to being 
underweight/normal) was associated with a reduced likelihood of sufficient PA. 
Neither age nor family contact were associated with PA. Those who self-reported 
suboptimal physical health were less likely to be sufficiently physically active. 
However, there was no association between self-reported mental health status and 
PA.  
 
Common Mental Disorders and Physical Activity  
Tables 2.2 and 2.3 show the association between CMDs and PA. We compared; (a) 
individuals who had never had any mental disorder to those who had a lifetime 
diagnosis with no symptoms in the last 12 months, and (b) individuals with a lifetime 
diagnosis with symptoms present in the last 12 months. After adjusting for age and 
sex, we found no statistically significant associations. The same comparisons were 
made for the three CMD subtypes in both bivariate and multivariate models. Again, 
we found no statistically significant associations (Table 2.2). We then compared the 
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individuals with no lifetime history of mental disorders with the groups with (i) one 
mental disorder subtype, (ii) two mental disorder subtypes, and (iii) three or more 
mental disorder subtypes. Once again, after adjusting for age and sex, we found no 
significant statistical associations between mental disorder comorbidity and PA 
(Table 2.3). 
 
Discussion  
In contrast to our hypotheses, we found that the lifetime diagnosis of CMD was not 
associated with meeting the PA recommendations in the previous seven days. Also, 
when we stratified those with a lifetime CMD into those with or without active 
symptoms in the past year, the pattern of findings persisted. Further, the findings 
relating to the lack of association between CMD and PA persisted when we explored 
CMD subtypes (affective disorders, anxiety disorders, and substance use disorders) 
and CMD count (none, one, two, and three or more).  
 
Our findings are at least partially consistent with the studies by Goodwin (2003) (no 
association between substance use disorder and PA), and Dakwar et al. (2012) (no 
association between depressive and anxiety disorders and PA). It should be noted 
that both the current study and the only other population study which utilized a 
validated PA measure (Dakwar et al., 2012) failed to show an association between 
CMDs and lower PA. Concerning the proportion of the general population that is 
sufficiently physically active, our estimate (46.0%) is broadly comparable to the 
recently published Australian general population survey (Bennie et al., 2016) which 
found that 52.6% of the population had sufficient PA. Of note, this survey used the 
same PA assessment tool (the Active Australia Survey). Consistent with the findings 
from other studies in the general population (Bauman et al., 2012) we confirmed that 
being male, better educated, employed and a non-smoker were significantly 
associated with having sufficient PA. Further, we found that having support from 
friends was also associated with having sufficient PA. Combined together, our 
findings suggest the importance of social connectedness in enhancing engagement 
with PA. Interestingly, this finding is consistent with that seen in people with SMDs 
as described in the next Chapter (Suetani et al., 2016b). We also found that being 
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obese (but not overweight), as well as having lower self-perception of physical health 
status were associated with a reduced likelihood of having sufficient PA. Of particular 
interest, consistent with the CIDI-derived diagnoses of CMD, we found that self-
reported mental health status was not associated with PA status.  
 
Strengths and Limitations 
A strength of our study was that we were able to examine PA of a large, nationally-
representative sample using validated instruments for both diagnostic assessment 
and PA. However, several limitations should be noted. The cross-sectional nature of 
the study does not allow us to make any inferences about the causation between PA 
and the examined variables. There was a mismatch between the timeframe of the 
PA question (i.e., assessing PA in the last seven days) and diagnostic assessment 
(i.e., based on the symptoms from the last twelve months and/or over the 
respondent’s lifetime). We were unable to examine if the presence of current CMD 
alters PA. However, our null findings make this lack of temporal specificity less of a 
concern. Based on first principles and diagnostic criteria for many CMDs, it is 
reasonable to assume that those with current CMD would be less likely to have 
sufficient PA, but that question needs to be assessed with a different design (e.g., a 
case-control study). Additionally, we were unable to adjust for medication use in the 
current study. This is important given that the side effects of some psychotropic 
medications such as sedation and weight gain may have influenced the PA status. 
Moreover, as this study was conducted in Australia, the findings may not be globally 
generalizable. Furthermore, even though it is both practical and feasible in 
population studies, the Active Australia Survey, as a subjective assessment tool, 
may be vulnerable to recall and social desirability bias, and may not be able to 
provide accurate estimates of absolute PA (Sallis and Saelens, 2000). It should also 
be noted that, to our knowledge, the Survey has not been validated for individuals 
with CMDs. Future studies may be able to utilize more objective measures of PA 
such as accelerometers to better estimate PA.  
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Conclusion 
Our findings suggest that lifetime CMD, or lifetime CMD with past year symptoms are 
not associated with recent PA status. From one perspective, the findings from this 
Chapter are encouraging as the results suggest that a diagnosis of CMD is not 
associated with insufficient PA. At the same time, with over half of the sample being 
insufficiently physically active combined with the documented benefits of PA for 
those with CMDs, there is an ongoing need to further research ways in which we can 
encourage people with CMDs to engage in PA. Therefore, epidemiological studies in 
this field remain crucial in gaining a better understanding of factors associated with 
PA such as social connectedness, that are essential to translating the research 
evidence into effective interventions (Suetani et al., 2016a).    
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Table 2.1. Association between sociodemographic and lifestyle variables and PA status  
 Frequency  
N (%) 
Proportion of 
participants classified as 
being sufficiently 
physically active  
N (%) 
Model 1a:  
Likelihood of being 
sufficiently physically active 
OR (95% CI)1 
Model 2b:  
Likelihood of being 
sufficiently physically active 
OR (95% CI) 
Total      
 8841 4065 (46.0)   
Sex     
Female 4814 (54.5) 2077 (43.1) Reference Reference  
Male 4027 (45.6) 1988 (49.4) 1.42 (1.24, 1.64)2 1.49 (1.28, 1.73) 
Age (in quartiles)      
16 – 30 2167 (24.5)  1146 (52.9) Reference Reference 
31 – 44 2232 (25.3) 1035 (46.4) 0.74 (0.61, 0.88)3 1.02 (0.83, 1.26) 
45 – 61 2226 (25.2) 1005 (45.2) 0.72 (0.59, 0.86) 1.15 (0.90, 1.48) 
62 – 85  2216 (25.1) 879 (39.7) 0.58 (0.49, 0.69) 0.92 (0.70, 1.21) 
Education     
No post high school 
qualification 
3917 (44.9) 1655 (42.3) Reference Reference 
Post high school qualification 4807 (55.1) 2361 (49.1) 1.26 (1.11, 1.42) 1.24 (1.09, 1.41) 
Labour force     
In Labour force 5499 (62.2) 2663 (48.4) Reference Reference  
Not in labour force 3342 (37.8) 1402 (42.0) 1.04 (0.88, 1.22) 1.22 (1.02, 1.44) 
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Marital Status     
Married 4002 (45.3) 1733 (43.3) Reference Reference 
Never married 2894 (32.7) 1544 (53.4) 1.32 (1.11, 1.57) 1.38 (1.13, 1.63) 
Separated /Divorced/ 
Widowed 
1945 (22.0) 788 (40.5) 0.86 (0.73, 1.01) 0.91 (0.75, 1.09) 
Contact with family     
Less than 1 day a week 880 (10.0) 373 (42.4) Reference Reference 
1 to 4 days a week 2553 (28.9) 1159 (45.5) 1.15 (0.91, 1.46) 1.01 (0.79, 1.29) 
Nearly every day 5408 (61.2) 2533 (46.8) 1.26 (1.00, 1.59)  1.09 (0.86, 1.39) 
Contact with friends     
Less than 1 day a week 1215 (13.7) 417 (34.3) Reference Reference 
1 to 4 days a week 3773 (42.7) 1629 (43.2) 1.38 (1.11, 1.73) 1.28 (1.01, 1.62) 
Nearly every day 3853 (43.6) 2019 (52.4) 1.96 (1.58, 2.43) 1.78 (1.40, 2.27) 
Body Mass Index     
Normal/Underweight 3963 (45.8) 1968 (49.7) Reference Reference  
Overweight 2969 (34.3) 1402 (47.2) 0.94 (0.81, 1.08) 1.00 (0.85, 1.16) 
Obese 1729 (20.0) 632 (36.6) 0.63 (0.53, 0.76) 0.76 (0.62, 0.93) 
Smoking     
Smokers 1883 (21.3) 794 (42.2) Reference Reference 
Non Smoker  6958 (78.7) 3271 (47.0) 1.26 (1.08, 1.48) 1.21 (1.02, 1.44) 
Self-reported physical health 
status  
    
Excellent/ Very Good 4596 (52.0) 2501 (54.4) Reference Reference  
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Good 2861 (32.4) 1189 (41.6) 0.69 (0.59, 0.80) 0.71 (0.61, 0.83) 
Fair/Poor 1384 (15.6) 375 (27.1) 0.37 (0.29, 0.46) 0.37 (0.29, 0.49) 
Self-reported mental health 
status  
    
Excellent/ Very Good 5871 (66.4) 2856 (48.7) Reference Reference  
Good 2151 (24.3) 915 (42.5) 0.85 (0.71, 1.00) 1.12 (0.94, 1.34) 
Fair/Poor 818 (9.3) 294 (35.9) 0.66 (0.48, 0.91) 1.20 (0.84, 1.71) 
a adjusted for sex and age, b adjusted for all the other variables in the table.  
1OR = Odds ratio, CI = Confidence interval, 2Adjusted for age only, 3Adjusted for sex only. 
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Table 2.2. Association between common mental disorder and PA status  
 Frequency  
N (%) 
Model 1a:  
Likelihood of being 
sufficiently physically active 
OR (95% CI)1 
Model 2b:  
Likelihood of being sufficiently 
physically active 
OR (95% CI) 
Any mental disorder     
No lifetime diagnosis  4877 (55.2) Reference  NA 
Lifetime diagnosis but no symptoms in 
the last 12 months 
2196 (24.8) 1.11 (0.96, 1.28) NA 
Lifetime diagnosis and symptoms 
present in the last 12 month  
1768 (20.0) 1.04 (0.88, 1.24) NA 
Any affective disorder    
No lifetime diagnosis  7476 (84.6) Reference  Reference  
Lifetime diagnosis but no 
symptoms in the last 12 months 
810 (9.2) 1.18 (0.97, 1.44) 1.15 (0.94, 1.40) 
Lifetime diagnosis and symptoms 
present in the last 12 month  
555 (6.3) 0.98 (0.74, 1.29) 0.96 (0.73, 1.26) 
Any anxiety disorder    
No lifetime diagnosis  6470 (73.2) Reference  Reference  
Lifetime diagnosis but no 
symptoms in the last 12 months 
1076 (12.2) 1.16 (0.96, 1.39) 1.13 (0.94, 1.38) 
Lifetime diagnosis and symptoms 
present in the last 12 month  
1295 (14.7) 1.06 (0.88, 1.27) 1.06 (0.88, 1.27) 
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Any substance use disorder     
No lifetime diagnosis  6749 (76.3) Reference  Reference  
Lifetime diagnosis but no 
symptoms in the last 12 months 
1669 (18.9) 0.98 (0.83, 1.16) 0.96 (0.81, 1.14) 
Lifetime diagnosis and symptoms 
present in the last 12 month  
423 (4.8) 0.96 (0.72, 1.28) 0.95 (0.71, 1.26) 
a adjusted for sex and age, b adjusted for all the other variables in the table.  
1OR = Odds ratio, CI = Confidence interval. 
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Table 2.3. Relationship between the number of mental disorder diagnoses and PA status 
 Frequency  
N (N) 
Model 1a:  
Likelihood of being sufficiently 
physically active 
OR (95% CI)1 
Lifetime diagnosis    
No mental disorder  4877 (55.2) Reference 
One mental disorder subtype 2041 (23.1) 1.08 (0.93, 1.24) 
Two mental disorders subtypes 911 (10.3) 1.18 (0.98, 1.41) 
Three or more mental disorders 
subtypes 
1012 (11.5) 1.00 (0.80, 1.25) 
aadjusted for sex and age  
1OR = Odds ratio, CI = Confidence interval. 
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Chapter 3 
Correlates of Physical Activity in People Living with Severe Mental Disorders 
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Overview 
In light of the high prevalence of physical comorbidities and differential mortality in 
people with SMDs, there is a need to explore modifiable risk factors that may 
contribute to this disease burden. Increased PA is associated with reduced morbidity 
and mortality in the general population, but the epidemiological evidence among 
people with SMDs is limited. In this Chapter, we investigated Aim Two: What are the 
factors associated with PA status among people with SMDs? We examined the 
prevalence and correlates of PA in a national sample of adults living with SMDs. 
 
PA was assessed in 1801 people using the IPAQ. Participants were dichotomized 
into low and moderate-high PA groups and associations between PA and a range of 
socio-demographic, clinical and physical comorbidity variables were examined using 
logistic regression.  
 
More than half the participants were categorized in the moderate-high PA group with 
nearly half of the sample engaged in PA every day. There were significant 
associations between low PA and; older age, unemployment, educational non-
participation, antipsychotic medication use, social dysfunction, self-reported 
loneliness, and obesity. However, there was no significant association between PA 
and; sex, psychosis type, illness duration, physical comorbidity, or negative 
symptoms.  
 
Our findings may inform future interventions designed to increase PA in people with 
SMDs. 
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Introduction  
There is now a solid body of evidence demonstrating that the majority of the 
differential mortality in people with SMDs is due to chronic physical conditions such 
as CVD and metabolic disease (Saha et al., 2007, Olfson et al., 2015). Within the 
matrix of factors that influence physical comorbidity (Galletly et al., 2012, Morgan et 
al., 2013), PA has been recognized as a critical component in daily activities that can 
improve health outcomes both in the general (Arem et al., 2015, Ward et al., 2015) 
and psychiatric populations (Firth et al., 2015, Rosenbaum et al., 2014). In order to 
optimize PA in those with SMDs, it is important to understand the socio-demographic 
and clinical factors that are associated with PA (Vancampfort et al., 2012a, Bauman 
et al., 2002, Suetani et al., 2016a).  
 
In a comprehensive systematic review of PA correlates in individuals with 
schizophrenia (Vancampfort et al., 2012a), the most consistent associations were 
found between low PA and the presence of a negative syndrome and cardio-
metabolic comorbidities such as metabolic syndrome and obesity. The review also 
found associations between PA and selected factors including physical self-
perception, healthy eating habits, and objectively defined measures of social 
isolation. Moreover, the review identified significant limitations in the existing studies. 
Almost all of the included studies used either convenience or clinically biased 
samples (e.g., people with metabolic syndrome, or people on antipsychotic 
medications). The majority of studies included were based on small to modest 
sample sizes with only one population-based cohort (Arango et al., 2008, Bobes et 
al., 2010), which was from Spain (n=1,704). Furthermore, many of the studies relied 
on poorly validated measures, leading to a recommendation that future research 
should employ valid and more widely used PA measures. Thus, there is a need for a 
study of PA in people with SMDs that is based on a large population study, using a 
validated measure of PA.  
 
In the current Chapter, we had the opportunity to assess the prevalence and 
correlates of PA in people living with SMDs. In terms of correlates, we hypothesized 
that; (a) negative symptoms, BMI, comorbid physical illness, and social isolation 
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would have significant association with PA; (b) other factors seen in the general 
population (Bauman et al., 2012) such as age, sex, and social functioning would also 
have significant impact in our study sample, and; (c) clinical factors such as duration 
of illness, type of psychotic illness, and the use of antipsychotic medication, would 
have significant associations with PA in the current sample.  
 
Methods 
The 2010 Second Australian National Survey of Psychosis the Survey of High 
Impact Psychosis – the SHIP - was conducted within seven catchment sites across 
five Australian states, covering a population of some 1.5 million people aged 18–64 
years. This was approximately 10% of the Australian population in this age range 
(Morgan et al., 2012). A two-phase design was followed. In Phase 1, screening for 
psychosis occurred in public specialized inpatient and community mental health 
services and in non-government organizations supporting people with mental illness 
in the census month (March 2010). A psychosis screener was used to identify 
individuals likely to meet criteria for formal diagnosis (Morgan et al., 2012, Jablensky 
et al., 2000). A total of 7,955 people screened positive for psychosis and met 
eligibility criteria. In Phase 2, 1,825 people who were screened positive were 
randomly selected, stratified by catchment site and age group (18-34 years and 35-
64 years), and interviewed. The current Chapter is based on 1,801 participants who 
provided information on PA. The research protocol for the study was approved by all 
relevant institutional ethics committees at each catchment site and all participants 
gave written informed consent. 
 
Assessments 
The interview consisted of 32 modules that included demographic characteristics, 
social participation and functioning, physical health and activity, psychopathology, 
substance use, medication and service utilization. In addition, each participant had a 
physical health assessment. The interview was administered by trained interviewers 
who were mental health professionals.   
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Diagnostic Classification 
Diagnostic assessment was based on a semi-structured clinical research interview, 
the Diagnostic Interview for Psychosis - Diagnostic Module (DIP-DM) (Castle et al., 
2006). The instrument was developed specifically for the first Australian National 
Low Prevalence (Psychotic) Disorders Study 1997-1998 (Jablensky et al., 2000). It 
uses prompts adapted from the Schedules for Clinical Assessment in 
Neuropsychiatry (SCAN) (World Health Organization. Division of Mental Health., 
1999) to elicit signs and symptoms, then applies the Operational Criteria Checklist 
for Psychosis (OPCRIT) (McGuffin et al., 1991) algorithm embedded into a software 
package to generate diagnoses according to several classification systems including 
the ICD-10 (World Health Organization., 1992).  
 
Physical Activity  
PA was measured using the IPAQ short form (Craig et al., 2003). Whilst there are 
some concerns that the IPAQ may overestimate PA levels compared to more 
objective measurements (Lee et al., 2011, Soundy et al., 2014), it remains one of the 
most widely used research tools in population studies, and its validity has been 
replicated in people with schizophrenia against an accelerator measurement 
(Faulkner et al., 2006). The IPAQ is a four item, self-report questionnaire that 
measures frequency and duration of moderate PA (≥ 4 MET of task), vigorous PA (≥ 
8 MET), walking, and sitting over the preceding seven days (The IPAQ Group, 
2005). PA assessed consisted of activities undertaken for at least ten minutes as 
part of everyday life including occupational as well as recreational activities. For this 
Chapter, the IPAQ scoring protocol was used to categorize PA into three levels (low, 
moderate, or high) (The IPAQ Group, 2005), then further dichotomized into two 
groups – low (low IPAQ PA level only) versus moderate-high (moderate and high 
IPAQ PA levels combined), thus essentially dividing the participants into those 
considered physical active and those who are not.    
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Correlates  
We examined 22 different variables from the SHIP data. The variables were then 
grouped into three distinct domains (socio-demographic, clinical, physical 
comorbidity) for analysis.   
 
Socio-demographic Domain 
Age was divided into five groups (18-24, 25-34, 35-44, 45-54, and 55-64 years). 
Country of birth was based on the question “What country were you born in?”  
Marital status was divided into; (i) single, never married, (ii) married or de facto, and 
(iii) separated, divorced or widowed. Living arrangement was divided into either living 
alone or living with others. Current educational participation was determined 
according to whether the participant had studied in any formal capacity in the four 
weeks prior to the interview or not. Employment status was determined according to 
whether or not the participant was in any employment in the four weeks prior to the 
interview.  
 
Clinical Domain 
Illness duration was divided into quartiles (duration of 0-6, 7-12, 13-20, and 21-50 
years). The type of psychotic illness was determined according to DIP-DM with 
diagnoses derived using the ICD-10. It was then dichotomized into either non-
affective (schizophrenia, delusional disorder and other non-organic psychosis) or 
affective psychosis (schizoaffective disorder, bipolar disorder and depression with 
psychosis). The course of illness was assessed and rated by the interviewers 
capturing the number of episodes of mental illness that a person experiences and 
the degree of recovery after each episode (Castle et al., 2006). This was classified 
into single, episodic, or chronic. Negative symptoms of psychosis including restricted 
affect, poverty of speech, and diminished sense of purpose were rated by 
interviewers using all the information available to them from the interview. Each 
symptom was rated using a three-point scale: none, moderate, or severe. We 
dichotomized the variable into ‘absent’ (none) or ‘present’ (moderate and severe 
combined). Use of antipsychotic medication for at least the previous four weeks was 
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based on self-report and/or chart review. Current smoking status was determined by 
self-reported smoking in the four weeks prior to the interview. Alcohol use over the 
previous 12 months was assessed using the Alcohol Use Disorders Identification 
Test (AUDIT). Using a cutoff score of eight or more, we dichotomized the AUDIT 
score into “low risk” (less than or equal to seven) and “at risk” (scores higher than or 
equal to eight) (Barbor et al., 2001). Overall social functioning in the previous 12 
months was assessed by interviewers, based on responses to questions throughout 
the interview. A three-point scale was used: no dysfunction, obvious dysfunction, or 
severe dysfunction. Self-reported loneliness in the previous 12 months was rated 
from none to severe according to agreement with the following statements: “I have 
plenty of friends, and have not been lonely” (none), “Although I have friends, I have 
been lonely occasionally” (mild), “I have some friends but have been lonely for 
company” (moderate), and “I have felt socially isolated and lonely” (severe).  
 
Physical Comorbidity Domain 
BMI was calculated using the participant’s height and weight, and was categorized 
according to the World Health Organisation criteria (World Health Organization, 
1995) into underweight (less than 18.5), normal (between 18.5 and 24.9), overweight 
(between 25.0 and 29.9), and obese (more than 30.0). We combined the 
underweight and normal categories for our analysis. Abdominal obesity was defined 
using the International Diabetes Federation recommended cut points for waist 
circumference for Europid and non-Europeans as a waist circumference of at least 
94 cm in men or 80 cm in women (Alberti et al., 2009). Lifetime presence of physical 
illnesses including diabetes mellitus, CVD, arthritis, anemia, respiratory problems or 
chronic back, neck or other pain was based on self-report. 
 
Data Analysis 
Descriptive statistics were used to summarize the key characteristics of PA. For the 
correlate analysis, we examined the association between PA “low”/“moderate-high” 
groups and candidate correlates using logistic regression. ORs with 95% CIs were 
used to estimate the likelihood of participants being in the “moderate-high” group 
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with adjustment for age and sex (Model 1). In Model 2, we also adjusted for all the 
other dependent variables within the domain. Analyses were conducted with 
Statistical Analysis System (version 9.4; SAS Institute, Cary, NC, USA) using 
weightings in order to adjust for age and site-related oversampling.   
 
Results 
Physical Activity Characteristics  
Data analyzed in the current paper are from SHIP participants who completed the 
IPAQ as part of the survey (n=1,801, 98.7%). Almost half (n = 856, 47.5%) of the 
participants were classified in the low PA level with 685 participants (38.0%) in the 
moderate PA level and only 260 participants (14.4%) in the high PA level. When 
dichotomized, 47.5% were in the low PA group, and 52.5% were in the moderate-
high PA group.  
 
When we examined the level of engagement in any type of PA, nearly half of the 
sample (48.1%) had engaged in some PA every day in the past seven days. At the 
same time, a substantial minority (12.3%) of the sample had not engaged in any 
form of PA. With respect to the frequency and duration of different types of PA, 
nearly half (48.2%) of the sample reported walking as PA in at least five out of the 
past seven days. However, a majority of the sample reported not engaging in any PA 
of moderate or vigorous intensity type (69.0%, 79.6% respectively). In terms of 
duration of PA per session for different types of PA, we found that the median (and 
inter-quartile range) time that participants were engaged in walking per session was 
30 (15–60) minutes while the median (inter-quartile range) duration spent sitting on a 
weekday was 360 (240-480) minutes.  
 
Correlates of Physical Activity 
Table 3.1 presents the correlates of PA in the socio-demographic domain. Age, 
employment status, and current educational participation showed a significant 
association with PA. There was a linear trend between PA and age, with the oldest 
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age group (age 55-64) being the group least likely to be physically active compared 
to the youngest age group (aged 18-24). Being employed in the past four weeks was 
significantly associated with greater PA. Likewise, being enrolled to study in the past 
four weeks was significantly associated with greater PA. None of the other variables 
in this domain (sex, country of birth, marital status, and living arrangements) were 
associated with PA.  
 
Table 3.2 shows the correlates of PA in the clinical domain. Antipsychotic medication 
use in general was associated with lower PA, although the association was not 
significant for participants who were on clozapine compared to those who were not. 
Compared to those with no dysfunction, having severe social dysfunction was 
associated with lower PA. Likewise, compared to those reporting not feeling lonely, 
presence of a severe level of loneliness was associated with lower PA. None of the 
other variables in the clinical domain (illness duration, psychosis type, course of 
illness, restricted affect, poverty of speech, diminished sense of purpose, smoking 
status, and alcohol use status) were associated with PA. 
 
Table 3.3 presents the correlates of PA in the physical comorbidity domain. Both BMI 
and abdominal obesity showed a significant association with PA. Compared to those 
in the normal/underweight BMI group, participants in the obese group were 
significantly less likely to be physically active. However, the association was not 
significant in the overweight group. The presence of abdominal obesity also showed 
a similar relationship with lower PA. In contrast, reported history of comorbid physical 
illness was not associated with PA. 
 
Discussion  
Based on a nationally representative sample of over 1,800 individuals with SMDs, 
we found that 52.5% of the participants reported engaging in at least a moderate 
level of PA. Of note, 48.1% of the participants reported engaging in some kind of PA 
every day of the previous week. While few participants reported engaging in either 
moderate or vigorous intensity PA, nearly half (48.2%) reported walking for at least 
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ten minutes, at least five days of the week. This preference for walking over more 
strenuous types of PA among people with SMDs is consistent with previous findings 
in smaller studies (Daumit et al., 2005, Ussher et al., 2007). In the general 
population, the effect of sedentary behaviors such as sitting is gaining research 
attention as a key risk factor for poor physical health (Chau et al., 2013). Few studies 
have explored this issue in people with SMDs (Vancampfort et al., 2012b, Stubbs et 
al., 2016c). In our study, participants spent on average six hours a day, almost half 
of their waking hours, sitting. This finding is consistent with a recent outpatient-based 
study in people with schizophrenia (Soundy et al., 2013).  
 
Correlates of Physical Activity in People with Severe Mental Disorders 
Consistent with our hypotheses, we found that social isolation, poor social 
functioning, older age, higher BMI, and antipsychotic medication use were 
significantly associated with PA in people with SMDs.  
 
Loneliness is prevalent across people with SMDs (Badcock et al., 2015), and has 
been associated with lower PA in the general population (Hawkley et al., 2009). In 
previous studies related to PA in people with schizophrenia, social isolation has been 
assessed using reported social contact in the past month (Daumit et al., 2005), or in 
relation to the level of social support that participants received (Ussher et al., 2007). 
Our survey assessed social isolation using self-reported loneliness, and also found it 
to be associated with lower PA. Interestingly, living arrangement (living alone versus 
living with others) was not associated with PA, further suggesting the relevance of 
subjective social connectedness in terms of social isolation. In addition, interviewer-
rated overall social functioning showed a linear trend with PA, with more severe 
social dysfunction significantly associated with lower PA. Furthermore, we found that 
participants who were employed and participants who were enrolled in formal 
education were nearly 1.5 times more likely to be physically active than those who 
were unemployed or not enrolled in formal education. Speculatively, employment 
and educational participation may offer opportunities for people with SMDs to 
connect socially and enhance social functioning (Carr and Waghorn, 2013).  
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Age was associated with PA, with the older age groups showing lower PA compared 
to the youngest group. This is largely consistent with the evidence from the general 
population (Bauman et al., 2012). This finding suggests a need to tailor different 
types of PA interventions for different age groups. Regarding BMI, participants in the 
obese group showed a statistically significant association with lower PA compared to 
those in the underweight/normal group. Being overweight, as opposed to obese, did 
not show any statistically significant association with PA. Nevertheless, BMI remains 
an important correlate as nearly half (46.4%) of the sample was obese. Likewise, the 
presence of abdominal obesity was associated with lower PA. Finally, we found an 
association between lower PA and being on any antipsychotic medication, but not 
with current clozapine use. This may represent a greater level of functionality in 
those who were not on any antipsychotic medications rather than the effect of the 
psychotropic medications per se. 
 
In contrast to our prior hypotheses, we did not find any significant association 
between PA and comorbid physical illness, negative symptoms of psychosis, sex, 
duration of illness, or psychosis type. We found that none of the three different 
clinical measures of negative syndrome, nor the presence of comorbid physical 
illness, were associated with lower PA. The null findings in our study are 
encouraging as they indicate that these factors, many of which are unmodifiable and 
have traditionally been associated with poor engagement with PA, may not impede 
interventions to increase PA.  
 
Despite finding that more than half of the people with SMDs were engaged in a 
reasonable level of PA, this 'dose' may not be sufficient in light of the burden of 
comorbidity and reduced life expectancy in this group (Lawrence et al., 2013, Saha 
et al., 2007). We found that nearly half of the people with SMDs reported engaging in 
walking at least five days a week. As such, attempting to modify the intensity of 
walking to the moderate PA intensity may be a more achievable, and effective, 
intervention strategy than to target those who engage in little PA. Our findings also 
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suggest that optimizing employment and educational participation in people with 
SMDs may have positive down-stream consequences for PA.  
 
Strengths and Limitations 
A major strength of the current Chapter was that we were able to examine PA of a 
large, nationally-representative sample of people with SMDs with a validated 
instrument. However, several limitations are notable, and the interpretation of our 
findings requires caution. As the survey design did not include a control population, 
we cannot make inferences about how individuals with SMDs differ from the general 
population in Australia. Moreover, as the study was conducted in Australia, the 
findings may not be globally generalizable. The cross-sectional nature of the data 
prevented us from making any inferences about the causation between PA and the 
examined variables. In addition, even though the SHIP sample is representative of 
people receiving support from public mental health services and non-government 
organizations, it may not be representative of those in the private mental health 
services or those who have dropped out of treatment altogether. Finally, another 
limitation is the use of IPAQ to measure PA levels. Even though it is both practical 
and feasible in population studies, the IPAQ is a subjective assessment tool that may 
be vulnerable to recall bias, potentially resulting in an overestimation of PA and 
compromised validity (Faulkner et al., 2006).  
 
Conclusion 
This Chapter reports correlates that may inform future interventions designed to 
increase PA in people with SMDs in Australia. Although causality cannot be inferred 
from the data, the significant associations identified between PA and these factors 
suggest a number of potential targets for future social and lifestyle interventions. In 
particular, addressing social connectedness and increasing workforce/educational 
participation as well as programs to increase the intensity of walking may encourage 
sustainable increases in PA, which in turn is likely to improve the physical health of 
people living with SMDs.    
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Table 3.1. Association between PA level and socio-demographic factors  
Variable Category N (%)1 Model 12 
Odds Ratio4 (95% CI5) 
Model 23 
Odds Ratio (95% CI) 
Age (years) 18-24 199 (11.1) Reference Reference 
 25-34 560 (31.1) 0.79 (0.56, 1.12)  0.81 (0.57, 1.17) 
 35-44 490 (27.2) 0.59 (0.41, 0.83) 0.59 (0.41, 0.87) 
 45-54 384 (21.3) 0.48 (0.33, 0.69) 0.46 (0.31, 0.69) 
 55-64 168 (9.3) 0.41 (0.26, 0.63) 0.40 (0.25, 0.65) 
Sex Female 729 (40.5) Reference Reference 
 Male 1072 (59.5) 1.06 (0.86, 1.30) 1.09 (0.88, 1.35) 
Country of birth  Australia 1479 (82.1) Reference Reference 
 Not Australia 322 (17.9) 1.17 (0.90, 1.51) 1.10 (0.84, 1.43) 
Marital status Single, never married  1100 (61.1) Reference Reference 
 Married or de facto 311 (17.3) 0.95 (0.72, 1.26) 0.90 (0.67, 1.21) 
 Separated, divorced, 
widowed 
390 (21.7) 1.22 (0.92, 1.60) 1.18 (0.89, 1.57) 
Living arrangement Lives alone 557 (31.6) Reference Reference 
 Lives with others 1204 (68.4) 0.97 (0.78, 1.21) 1.01 (0.81, 1.27) 
Current education 
participation 
Not enrolled to study in 
the past 4 weeks 
1603 (89.3)  Reference Reference 
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 Enrolled to study in the 
past 4 weeks 
193 (10.8) 1.58 (1.13, 2.21) 
 
1.50 (1.07, 2.11) 
 
Employment status  No employment in the 
past 4 weeks 
1401 (77.8) Reference Reference 
 Any employment in the 
past 4 weeks 
400 (22.2) 1.47 (1.15, 1.88) 1.46 (1.14, 1.87) 
1Totals may vary due to missing variables. 2Model 1 = adjusted for age and sex; 3Model 2 = adjusted for age and sex as well as all the other variables within 
the table; 4used to estimate the likelihood of participants being in the “moderate-high” group; 5CI = confidence interval.  
*Significant results shown in bold.   
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Table 3.2. Association between PA level and clinical factors 
Variable Category N (%)1 Model 12 
Odds Ratio4 (95%CI5) 
Model 23 
Odds Ratio (95% CI) 
Illness duration 0 to 6 years 437 (24.5) Reference Reference 
 7 to 12 years 453 (25.4) 1.08 (0.80, 1.46) 1.20 (0.86, 1.68) 
 13 to 20 years 434 (24.4) 1.07 (0.78, 1.47) 1.17 (0.82, 1.68) 
 21 to 50 years 458 (25.7) 1.03 (0.73, 1.47) 1.22 (0.83, 1.82) 
Psychosis type Non - Affective 
psychosis 
936 (57.7) Reference Reference 
 Affective psychosis 685 (42.3) 1.02 (0.82, 1.27) 0.95 (0.74, 1.21) 
Course of illness Single 144 (8.0) Reference Reference 
 Episodic 1108 (61.5) 1.07 (0.73, 1.56) 1.37 (0.83, 2.25) 
 Chronic 549 (30.5) 0.72 (0.48, 1.07) 1.01 (0.59, 1.72) 
Restricted affect Absent 1014 (56.3) Reference Reference 
 Present 787 (43.7) 0.94 (0.77, 1.15) 1.13 (0.88, 1.45) 
Poverty of speech  Absent 1461 (81.1) Reference Reference 
 Present 340 (18.9) 0.86 (0.67, 1.12) 0.95 (0.69, 1.30) 
Diminished sense of 
purpose  
Absent  863 (47.9) Reference Reference 
 Present 938 (52.1) 0.65 (0.53, 0.80) 0.82 (0.64, 1.07) 
Clozapine use No 1505 (83.6) Reference Reference 
 Yes 296 (16.4) 0.81 (0.62, 1.06) 0.76 (0.56, 1.04) 
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Any antipsychotic 
use  
No 330 (18.3) Reference Reference 
 Yes 1471 (81.7) 0.68 (0.52, 0.88) 0.72 (0.52, 0.99) 
Smoking statusa Non-smoker 598 (33.5) Reference Reference 
 Smoker 1190 (66.6) 0.78 (0.63, 0.97) 0.79 (0.62, 1.01) 
Alcohol use statusb Low risk 1225 (68.0) Reference Reference 
 At risk  576 (32.0) 1.00 (0.81, 1.25) 0.96 (0.75, 1.24) 
Overall social 
functioning 
No dysfunction 660 (36.7) Reference Reference 
 Obvious 
dysfunction 
777 (43.2) 0.58 (0.46, 0.72) 0.72 (0.55, 0.94) 
 Severe dysfunction 363 (20.2) 0.51 (0.39, 0.68) 0.68 (0.47, 0.98) 
Self-reported 
loneliness  
None 351 (20.0) Reference Reference 
 Mild 568 (32.3) 0.88 (0.66, 1.18) 0.87 (0.64, 1.19) 
 Moderate 436 (24.8) 0.73 (0.54, 0.99) 0.83 (0.59, 1.15) 
 Severe 403 (22.9) 0.55 (0.40, 0.75) 0.67 (0.47, 0.97) 
1Totals may vary due to missing variables. 2Model 1 = adjusted for age and sex; 3Model 2 = adjusted for age and sex as well as all the other variables within 
the table; 4used to estimate the likelihood of participants being in the “moderate-high” group; 5CI = confidence interval.  
*Significant results shown in bold.  
aSmoking status indicates current smoking status as per participants’ self-report. bAlcohol use status was assessed using the Alcohol Use Disorders 
Identification Test. 
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Table 3.3. Association between PA level and physical comorbidity factors 
Variable Category N (%)1 Model 12 
Odds Ratio4 (95% CI5) 
Model 23 
Odds Ratio (95% CI) 
Body mass index (BMI) Normal or underweight 
(BMI < 25.0) 
433 (24.7) Reference Reference 
 Overweight 
(BMI 25.0-29.9) 
506 (28.9) 0.88 (0.66, 1.16) 
 
0.97 (0.71, 1.33) 
 Obese 
(BMI > 29.9) 
814 (46.4) 0.57 (0.44, 0.74) 0.66 (0.48, 0.90) 
Abdominal obesity Absent 311 (17.8) Reference Reference 
 Present 1432 (82.2) 0.57 (0.43, 0.76) 0.68 (0.48, 0.97) 
History of comorbid 
physical illnessa 
No 684 (38.8) Reference Reference 
 
 Yes 1080 (61.2) 0.90 (0.72, 1.11) 0.93 (0.75, 1.16) 
1Totals may vary due to missing variables. 2Model 1 = adjusted for age and sex; 3Model 2 = adjusted for age and sex as well as all the other variables within 
the table; 4used to estimate the likelihood of participants being in the “moderate-high” group; 5CI = confidence interval.  
*Significant results shown in bold.  
aDiabetes mellitus, cardiovascular disease, arthritis, anaemia, respiratory problems or chronic back, neck or other pain. 
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Chapter 4 
The Association between Adolescent Psychopathology and Subsequent 
Physical Activity in Young Adulthood 
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Overview 
The beneficial effects of PA for both physical and mental wellbeing are well 
established. Given that adolescence presents a critical developmental period during 
which life-long patterns of PA become established, the exploration of the longitudinal 
impact of adolescent psychopathology on adult PA status is of interest. In this 
Chapter, we investigated Aim Three; what is the longitudinal association between 
mental disorders at baseline and subsequent PA status? 
 
We analyzed prospective data from 3,663 young adults who participated in the 
MUSP. Psychopathology was measured using the YSR at age 14. Participants' 
engagement in three types of PA (vigorous exercise, moderate exercise, and 
walking) at age 21 were dichotomized into either “none” or “any”. For our main 
analysis, we examined the association between the YSR score and subsequent PA 
engagement using logistic regression. We also conducted sensitivity analyses of 
longitudinal associations between the YSR internalizing and externalizing symptoms 
score at age 14 and PA engagement at age 21.  
 
We found no longitudinal association between the total YSR score at age 14 and 
subsequent PA engagement at age 21. In addition, there was no longitudinal 
association between the YSR internalizing or externalizing symptoms and 
subsequent PA engagement.   
 
Our findings suggest that there is no longitudinal association between adolescent 
psychopathology and PA in young adulthood.    
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Introduction 
There is convincing evidence that adults with mental disorders are at an increased 
risk of physical comorbidity (Scott et al., 2016, Galletly et al., 2012) and associated 
differential mortality (Hjorthoj et al., 2017, Walker et al., 2015). There is also 
overwhelming evidence demonstrating the beneficial effect of PA in reducing 
physical morbidities and mortality (Lee et al., 2012), even in children and 
adolescents (Ekelund et al., 2012). People with mental disorders are significantly 
less likely to be physically active compared to the general population (Schuch et al., 
2016a, Stubbs et al., 2016a) suggesting PA as a potentially important modifiable risk 
factor for the differential morbidity and mortality associated with mental disorders. 
Many mental disorders have their age of onset early in life with approximately half 
emerging during adolescence (Kessler et al., 2007a, Kessler et al., 2007b). Given 
that adolescence may present a critical developmental period during which life-long 
patterns of PA become established (Due et al., 2011), the exploration of the 
longitudinal impact of psychopathology during adolescence on adult PA status is of 
interest. 
 
Previous studies (e.g. (Hoegh Poulsen et al., 2016, Sagatun et al., 2007, Toseeb et 
al., 2014, Sormunen et al., 2017)) have examined the effect of PA during 
adolescence on the subsequent psychopathology in adulthood with equivocal 
results. However, we are only aware of three studies that have explored the 
reciprocal relationship. First, a Canadian study (n = 860) found those with higher 
depressive symptom scores at age 12 were less likely to engage in moderate-
intensity PA or team sports at age 21, but there was no significant association for 
vigorous-intensity PA (Sabiston et al., 2013). Second, a Norwegian study (n = 924) 
found that the baseline depressive symptoms at age 13 were not associated with 
moderate-to-vigorous PA engagement at age 23 (Birkeland et al., 2009). Finally, a 
British birth cohort study (n = 12,776) found that higher externalizing symptoms at 
age 16 predicted lower PA status at age 42, but not at age 33 or 50. Nor was there 
any association between internalizing symptoms at age 16 and mid-life PA status 
(Pinto Pereira et al., 2014). In sum, few prospective studies have examined the 
relationship between psychopathology during adolescence and PA engagement in 
young adulthood and the findings of these studies are inconsistent. Using data from 
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a large Australian birth cohort study, we aimed to further examine the longitudinal 
association between adolescent psychopathology and subsequent PA in young 
adulthood.  
 
Methods 
Participants 
The MUSP is a prospective longitudinal cohort study of mothers and their offspring 
who received antenatal care at a major public hospital in Queensland, Australia, 
between 1981 and 1983. Data were collected on 7,223 singleton live-birth offspring 
and their mothers. The cohort members and their mothers were followed up at six 
months, five, 14, and 21 years. For the current study, we included 3,663 young 
adults who completed all the PA related questions at age 21. Written informed 
consent was obtained from the mother at all data collection phases and from the 
young adult at the 21-year follow-up. Ethical approval of the study was obtained from 
the University of Queensland Ethics Committee.   
 
Measurement of Psychopathology 
The YSR (Achenbach, 1991) was used at the 14-year follow-up to measure 
adolescent psychopathology. The YSR is a self-completed questionnaire assessing 
emotional and behavioral problems in the previous six months that has been 
designed for individuals aged 11 to 18 years. It consists of 112 items assessing eight 
subscales. The internalizing problems score is the sum of three subscales: 
withdrawn, somatic complaints, and anxiety/depressed symptoms. The externalizing 
problem score is the sum of two subscales: delinquent and aggressive behavior.  
Internalizing and externalizing scores and the other three subscales (social 
problems, thought problems, and attention problems) are summed to produce the 
total score. Achenbach identified scores in the top 10% as reflective of clinical 
psychopathology (Achenbach, 1991). In keeping with previous analyses using MUSP 
(Hayatbakhsh et al., 2008), we dichotomized the total YSR score (alpha = 0.94), the 
internalizing problems score (alpha = 0.87) and the externalizing problems score 
(alpha = 0.87) into either “high” psychopathology group (those in the highest decile) 
or “low-normal” psychopathology group (the remaining 90% of the sample).  
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Likewise, the Young Adult Self-Report (YASR) (Achenbach, 1997) was used to 
estimate the psychopathology in young adulthood at the 21-year follow-up. Similar to 
the YSR, the YASR is a self-completed questionnaire about behavior in the previous 
six months that consists of 115 items. Again, we dichotomized the total YASR score 
(alpha = 0.96), the internalizing problems score (alpha = 0.92) and the externalizing 
problems (alpha = 0.87) into either “high” psychopathology group (those in the top 
decile) versus the “low-normal” psychopathology group (the remaining 90% of the 
sample).   
 
Measurement of Physical Activity  
We used a general measure of frequencies and types of intentional PA to estimate 
the PA engagement at age 21. Participants were asked a range of questions related 
to their PA at the 21-year follow-up. Vigorous exercise was defined as “exercise 
which makes you breathe harder or puff and pant”. Moderate exercise was defined 
as exercise “which did not make you breathe harder or puff and pant”. The frequency 
of each type of PA used in the current study was assessed with the following 
questions; “How many sessions of vigorous exercise did you have over the 2 week 
period?” (vigorous exercise), “How many sessions of less vigorous exercise did you 
have over the 2 week period?” (moderate exercise), and “How many times did you 
walk for recreation or exercise?” (walking). While we were unable to assess the 
amount or duration of PA accurately, there is now an accumulating body of evidence 
to indicate that any amount of PA is significantly more beneficial than no PA (Arem et 
al., 2015, O'Donovan et al., 2017). In view of this, we dichotomized each PA subtype 
into either “none” (those who engaged in no session of intentional PA in the last two 
weeks), or "any" (those who engaged in more than one session of intentional PA in 
the last two weeks). In addition, the PA engagement at the 14-year old follow-up was 
estimated using the response to the question: “How often did you exercise or play 
sports in the last week?” The participants were asked to choose a response from the 
following; “Not at all”, “1 day”, “2 or 3 days”, “4 or 5 days”, or “6 or 7 days”.   
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Measurement of Confounding Factors 
As previous studies have shown that age at interview, sex, and BMI are associated 
with both PA status (Ten Have et al., 2011, Cureau et al., 2017, De Moor et al., 
2006) and adolescent psychopathology (Mamun et al., 2009, Scott et al., 2009), we 
adjusted for these variables in our analyses. The participant’s BMI at the 14 year 
follow-up was calculated using the average of two measures of the child's weight, 
lightly clothed with a scale accurate to 0.2 kg. We used the BMI z-score at age 14 as 
a continuous variable in the analyses. We also adjusted for the exercise or sports 
engagement at age 14 and the psychopathology in young adulthood as measured by 
YASR scores.  
 
Statistical Analyses  
Descriptive statistics were used to summarize the characteristics of PA engagement 
in this cohort. We used logistic regression to examine the association between the 
YSR total score at age 14 and PA engagement at age 21. For model 1, we adjusted 
the analysis for age, sex, and BMI at the 14-year follow-up. For model 2, we further 
adjusted the analysis for age, sex, and BMI, as well as exercise and sports 
engagement at age 14, and the YASR total score at age 21. ORs with 95% CIs were 
used to estimate the likelihood of participants being in "any" PA for each of the three 
groups with the “none” PA group as the reference category. For planned sensitivity 
analyses, we examined the YSR internalizing score and the YSR externalizing score 
separately as predictor variables. Similar to our main analysis, we adjusted for age, 
sex, and BMI at age 14 in model 1 and further adjusted for exercise and sports 
engagement at age 14, and the YASR internalizing or externalizing score at age 21 
in model 2.  
 
In addition, we repeated the main analyses using multivariable linear regression by 
treating both predictor variable (psychopathology at age 14) and response variable 
(PA at age 21) as continuous variables, with confounding factors (age, sex, BMI, 
exercise and sports engagement at age 14, as well as YASR scores) incorporated in 
the model.  
75 
 
While this was primarily due to the lack of resources to track all original cohort 
members rather than refusal to participate, participants lost to follow up differed on a 
range of variables such as birth weight and various maternal variables at first clinic 
visit related to age, education, marital status, mental health, and smoking. However, 
modeling the impact of biased loss to follow up in the MUSP has consistently 
suggested that findings are only minimally affected (Najman et al., 2015, Najman et 
al., 2005). In the current Chapter, we examined the influence of attrition using three 
methods. First, we used SAS PROC MI and MIANALYZE to explore the data under 
the assumption that they were missing randomly. For the multiple imputation, we 
included the main variables of interest (YSR score at age 14 and PA engagement at 
age 21) and potential confounders that were examined specifically in this study (age 
at assessment, sex, BMI, exercise and sports engagement at age 14, and YASR 
scores at age 21), as well as auxiliary variables known to be associated with attrition 
in this cohort (birth weight and various maternal variables at first clinic visit related to 
age, education, marital status, mental health, and smoking). We used logistic 
regression based on 30 imputed data sets. Secondly, to examine whether 
adolescent psychopathology was differentially associated with attrition, we examined 
whether being lost to follow-up at age 21 was associated with YSR total score at age 
14. Finally, based on the assumption that data were missing in a non-random 
fashion, we undertook post hoc modeling exercises to explore the robustness of the 
main findings. Given our finding that there was no association between 
psychopathology at age 14 and PA status at age 21, if we assumed that cohort 
members who were lost to follow-up had high scores on the YSR, our analyses 
would have underestimated the effect size of the relationship. Thus, in the modeled 
scenario, we constructed a model where we assumed that those who were lost to 
follow-up at age 21 would have had the same level of psychopathology as they did at 
age 14 (either high or normal-low) but still had no PA engagement had they 
remained in the cohort. All analyses were performed using the SAS version 9.4 (SAS 
Institute, Cary, NC, USA). 
 
Results 
In total, 3,633 subjects were included in this study of whom 1,724 (47.1%) were 
male. The mean age for the participants at the 21-year follow-up was 20.6 years. 
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Over half (52.9%) of the cohort members had engaged in at least one session of 
vigorous exercise in the past two weeks. Likewise, 60.9% and 56.9% of the cohort 
members had engaged in at least one session of moderate exercise and walking in 
the past two weeks respectively.   
 
Table 4.1 describes the longitudinal association between the total YSR score at age 
14 and PA engagement at age 21. We found no statistically significant association 
between the total YSR score and the three types of subsequent PA engagement. 
 
In the planned sensitivity analyses, we examined the longitudinal associations 
between the internalizing YSR score at age 14 and externalizing YSR score at age 
14 with subsequent PA engagement at age 21. High YSR internalizing score was 
associated with reduced vigorous exercise in model 1 (OR = 0.69, 95% CI: 0.53 - 
0.90), but this association became statistically non-significant after further 
adjustment in model 2. Thus, we found no statistically significant association 
between internalizing YSR score nor externalizing YSR score and the PA 
engagement in model 2 (Tables 4.2 and 4.3).  
 
We repeated the main and sensitivity analyses by treating predictor and response 
variables as continuous measures. We found the results of the multivariable linear 
regression were largely consistent with the logistic regression. We found only one 
statistically significant inverse association (YSR externalizing score at age 14 and 
moderate exercise at age 21, beta = -0.024, p-value = 0.014).  None of the other 
eight longitudinal relationships examined between psychopathology and PA 
engagement showed any significant association (Table 4.4). 
 
With respect to differential attrition, there was no statistically significant association 
between the total YSR score at age 14 and PA engagement at age 21 based on 30 
imputed data sets, consistent with our main analysis (Table 4.5). There was no 
significant association between the YSR score at age 14 and being lost to follow-up 
at age 21 (Table 4.6). Furthermore, under the modeled scenario, we found an 
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inverse association between the YSR score and walking (modeled OR = 0.75, 95% 
CI: 0.58 – 0.99) but there were no associations evident in vigorous exercise or 
moderate exercise (Table 4.7).   
 
Discussion 
Using data from a large cohort study, we found no association between 
psychopathology during adolescence and subsequent PA engagement in young 
adulthood. Our findings remained largely consistent in the multivariable linear 
regression treating each variable as continuous. These results were broadly 
consistent with existing literature. For example, in the Canadian study (Sabiston et 
al., 2013), the authors found no association between psychopathology during 
adolescence and vigorous-intensity PA in adulthood. They also found no association 
between the psychopathology and meeting the 150 minutes per week PA guidelines.  
In the Norwegian study (Birkeland et al., 2009), there was no association between 
depressed mood at aged 13 and the PA status at age 23. However, it should be 
noted that Birkeland and colleagues assessed PA using only one question (‘‘Outside 
school hours, how often do you do sports or exercise until you are out of breath or 
sweat?”). While the authors argue that this kind of “sweat question” has been shown 
to correlate well with physical fitness, this measure may have underestimated the 
amount of PA done by participants. Finally, in the 1958 British Birth Cohort study, 
Pinto Pereira and colleagues found a small effect size for the association between 
externalizing behaviour at age 16 and the likelihood of being physically inactive at 
age 42 (OR = 1.06, 95% CI: 1.01 - 1.11) (Pinto Pereira et al., 2014). Consistent with 
our findings, however, the authors found no association between internalizing 
behavior at age 16 and subsequent PA status at ages 33, 42 or 50. They also did not 
find any association between externalizing behavior at age 16 and PA status at ages 
33 and 50. Of note, the study utilized two measures of adolescent psychopathology 
(externalizing behavior and internalizing behavior derived from items from the Rutter 
Behaviour Scale) based only on teachers’ report. The use of self-reports to estimate 
psychopathology measures in the current study has likely enabled the assessment of 
participants' distress in a much wider range of situations outside of classroom.  
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Strengths and Limitations 
A strength of the current Chapter was the prospective study design involving a large 
sample which allowed examination of the longitudinal relationship between 
psychopathology during adolescence and different types of PA engagement in young 
adulthood. However, several limitations are notable. First, the outcome variable used 
to estimate PA status is not a validated measure, and relied on self-report thus 
potentially underestimating PA status (Lee et al., 2011). The measure was also 
limited in enquiring specifically about exercise (i.e., PA that is planned and 
structured) for two out of three questions examined, thus not fully capturing other 
forms of PA such as occupational PA (Caspersen et al., 1985). Second, as with 
other longitudinal studies of antecedents of psychopathology (Welham et al., 2009), 
the generalizability of our findings may be affected by differential attrition. The 
attrition for the current study since inception was 49.3%. However, multiple 
imputation analysis controlling for these variables did not change the findings of our 
main analysis in the current Chapter. Further, there was no association between 
adolescent psychopathology and being lost to follow-up at age 21 and the modeling 
exercise demonstrated that the null association between adolescent 
psychopathology and vigorous or moderate exercise in young adulthood remained 
robust. It should be acknowledged that the follow-up points of 14 and 21 years 
selected do not preclude all longitudinal relationships between psychopathology and 
PA in this period. This question would best be addressed by a long-term longitudinal 
study with multiple regular follow-up time points at which both PA and mental health 
issues were assessed at each time point. In addition, we used the YSR score to 
determine psychopathology among participants. While the YSR scores or the 
presence of high-psychopathology are not indicative of mental disorders per se, we 
believe that the use of this validated measure is appropriate in adolescents where 
formal diagnoses of mental disorders may lack validity (Pearson, 2017). In the next 
Chapter, we were able to assess the impact of mental disorders at age 21 using the 
same cohort. A final limitation was that as the study was conducted in Australia, the 
findings may not be globally generalizable.   
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Conclusion 
Using data from 3,663 young adults, we found no association between 
psychopathology in adolescence and engagement in PA in young adulthood. Our 
findings are encouraging as they suggest that even those with elevated 
psychopathology in adolescence are not disadvantaged from engaging in PA in 
young adulthood.  
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Table 4.1. Longitudinal association between total YSR score at age 14 and PA engagement at Age 21  
 PA session at age 21 
N (%) 
  
PA session at age 21 
N (%)  
Model 1 - odds ratio1 (95% CI)a 
Model 2 - odds ratio2  (95% CI) 
 No engagement in vigorous exercise (n=1613)   Any vigorous exercise (n=1835) 
YSR Total Score at Age 14 
Low-Normal 
1437 (89.1)  
Reference 
Reference 
1692 (92.2) 
Reference 
Reference 
YSR Total Score at Age 14 
High 
176 (10.9) 
Reference 
Reference 
143 (7.8) 
0.78 (0.60 – 1.02)1 
0.98 (0.74 – 1.30)2 
 No engagement in moderate  exercise 
(n=1327)    
Any moderate exercise (n=2121) 
YSR Total Score at Age 14 
Low-Normal 
1194 (90.0) 
Reference 
Reference 
1935 (91.2) 
Reference 
Reference 
YSR Total Score at Age 14 
High 
133 (10.0) 
Reference 
Reference 
186 (8.8) 
0.86 (0.65 – 1.12)1 
0.98 (0.74 – 1.30)2 
 No engagement in walking (n=1499)   Any walking (n=1949) 
YSR Total Score at Age 14 
Low-Normal 
1355 (90.4) 
Reference  
1774 (91.0)  
Reference 
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Reference Reference 
YSR Total Score at Age 14 
High 
144 (9.6) 
Reference 
Reference 
175 (9.0) 
0.77 (0.59 – 1.01)1 
0.76 (0.57 – 1.01)2  
aOdds ratio used to estimate the odds likelihood of participants being in the “Any” group.  
1Adjusted for age, sex and body mass index at age 14. 2Adjusted for age, sex, and body mass index at age 14 as well as exercise and sports engagement at 
age 14 and YASR total score at age 21. 
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Table 4.2. Longitudinal association between YSR internalizing score at age 14 and PA engagement at Age 21 
 PA session at age 21 
None 
N (%) 
 
PA session at age 21 
Any  
N (%)  
Model 1 - odds ratio1 (95% CI)a 
Model 2 - odds ratio2  (95% CI) 
 No engagement in vigorous exercise  (n=1613) Any vigorous exercise  (n=1835) 
YSR Internalizing Score 
at Age 14 
Low-Normal 
1420 (88.0)  
Reference 
Reference 
1695 (92.4) 
Reference 
Reference 
YSR Internalizing Score 
at Age 14 
High 
193 (12.0) 
Reference 
Reference 
140 (7.6) 
0.69 (0.53 – 0.90)1 
0.83 (0.63 – 1.08)2 
 No engagement in moderate exercise (n=1327)   Any moderate exercise (n=2121) 
YSR Internalizing Score 
at Age 14 
Low-Normal 
1192 (89.8) 
Reference 
Reference 
1923 (90.7) 
Reference 
Reference 
YSR Internalizing Score 
at Age 14 
High 
135 (10.2) 
Reference  
Reference 
198 (9.3) 
0.89 (0.68 – 1.16)1 
1.00 (0.76 – 1.31)2 
 No engagement in walking (n=1499)  Any walking (n=1949) 
YSR Internalizing Score 
at Age 14 
1371 (91.5) 
Reference  
1744 (89.5)  
Reference 
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Low-Normal Reference Reference 
YSR Internalizing Score 
at Age 14 
High 
128 (8.5) 
Reference 
Reference 
205 (10.5) 
1.01 (0.77 – 1.33)1 
1.05 (0.80 – 1.39)2  
aOdds ratio used to estimate the odds likelihood of participants being in the “Any” group.  
1Adjusted for age, sex and body mass index at age 14. 2Adjusted for age, sex, and body mass index at age 14 as well as exercise and sports engagement at 
age 14 and YASR internalizing score at age 21. 
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Table 4.3. Longitudinal association between YSR externalizing score at age 14 and PA engagement at Age 21 
 PA session at age 21 
N (%) 
 
PA session at age 21 
N (%)  
Model 1 - odds ratio1 (95% CI)a 
Model 2 - odds ratio2  (95% CI) 
 No engagement in vigorous exercise (n=1613)   Any vigorous exercise (n=1835) 
YSR Externalizing 
Score at Age 14 
Low-Normal 
1448 (90.4)  
Reference 
Reference 
1683 (91.7) 
Reference 
Reference 
YSR Externalizing 
Score at Age 14 
High 
155 (9.6) 
Reference 
Reference 
152 (8.3) 
0.80 (0.61 – 1.05)1 
0.85 (0.64 – 1.12)2 
 No engagement in moderate exercise 
(n=1327)   
Any moderate exercise (n=2121) 
YSR Externalizing 
Score at Age 14 
Low-Normal 
1191 (89.8) 
Reference 
Reference 
1950 (91.9) 
Reference 
Reference 
YSR Externalizing 
Score at Age 14 
High 
136 (10.3) 
Reference  
Reference 
171 (8.1) 
0.80 (0.61 – 1.05)1 
0.86 (0.64 – 1.14)2 
 No engagement in walking (n=1499)  Any walking (n=1949) 
YSR Externalizing 
Score at Age 14 
1353 (90.3) 
Reference  
1788 (91.7)  
Reference 
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Low-Normal Reference Reference 
YSR Externalizing 
Score at Age 14 
High 
146 (9.7) 
Reference 
Reference 
161 (8.3) 
0.90 (0.68 – 1.18)1 
0.92 (0.69 – 1.22)2  
aOdds ratio used to estimate the odds likelihood of participants being in the “Any” group. 
1Adjusted for age, sex and body mass index at age 14. 2Adjusted for age, sex, and body mass index at age 14 as well as exercise and sports engagement at 
age 14 and YASR externalizing score at age 21. 
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Table 4.4. Longitudinal association between total YSR score at age 14 and PA engagement at age 21 (both predictor and 
predictor variables are continuous)1 
 N Beta coefficient 
(Standard error)  
P value  
YSR Total Score at age 14 – 
Vigorous exercise at age 21 
2636 -0.007 
(0.004) 
0.084 
YSR Total Score at age 14 – 
Moderate exercise at age 21 
2636 -0.007 
(0.004) 
0.070 
YSR Total Score at age 14 – 
Walking at age 21 
2636 -0.002 
(0.004) 
0.720 
    
YSR Internalizing Score at age 
14 – Vigorous exercise at age 21 
2636 -0.011 
(0.009) 
0.220 
YSR Internalizing Score at age 
14 – Moderate exercise at age 21 
2636 -0.009 
(0.009) 
0.312 
YSR Internalizing Score at age 
14 – Walking at age 21 
2636 0.008 
(0.010) 
0.454 
    
YSR Externalizing Score at age 
14 – Vigorous exercise at age 21 
2636 -0.015 
(0.010) 
0.133 
YSR Externalizing Score at age 
14 – Moderate exercise at age 21 
2636 -0.024 
(0.010) 
0.014 
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YSR Externalizing Score at age 
14 – Walking at age 21 
2636 -0.014 
(0.011) 
0.228 
1Adjusted for age, sex, and body mass index as well as exercise and sports engagement at age 14 and psychopathology at age 21. 
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Table 4.5. Longitudinal association between total YSR score at age 14 and PA engagement at age 21 using multiple 
imputation  
 PA session at age 21 
Odds ratio (95% CI)a 
PA session at age 21 
Odds ratio (95% CI) 
 No engagement in vigorous exercise   Any vigorous exercise 
YSR Total Score at Age 14 
Low-Normal 
Reference Reference 
YSR Total Score at Age 14 
High 
Reference 0.95 (0.84 – 1.08) 
 
 No engagement in moderate exercise    Any moderate exercise  
YSR Total Score at Age 14 
Low-Normal 
Reference Reference 
YSR Total Score at Age 14 
High 
Reference 0.99 (0.83 – 1.12) 
 
 No engagement in walking  Any walking 
YSR Total Score at Age 14 
Low-Normal 
Reference Reference 
YSR Total Score at Age 14 
High 
Reference 0.91 (0.80 – 1.03) 
 
aAdjusted for age, sex, body mass index at age 14 as well as exercise and sports engagement at age 14 and YASR total score at age 21 in addition to 
auxiliary variables known to be associated with attrition in this cohort (birth weight and various maternal variables at first clinic visit related to age, education, 
marital status, mental health, and smoking) 
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Table 4.6. Association between total YSR score at age 14 and being lost to follow up at age 21  
 Lost to follow up 
N = 1718 
Included in the current study 
N = 3448 
 
YSR Total Score  N (%)    N (%)   
Low-Normal 1539 (89.6) 3129 (90.8)  
High 179 (10.4) 319 (9.3) 
 
Chi-squared test 
P = 0.181 
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Table 4.7. Longitudinal association between total YSR score at age 14 and PA engagement at age 21 under modeled 
scenario1  
 PA session at age 21 
Odds ratio (95% CI)a 
PA session at age 21 
Odds ratio (95% CI) 
 No engagement in vigorous exercise   Any vigorous exercise 
YSR Total Score at Age 14 
Low-Normal 
Reference Reference 
YSR Total Score at Age 14 
High 
Reference 0.96 (0.73 – 1.25) 
 
 No engagement in moderate exercise    Any moderate exercise  
YSR Total Score at Age 14 
Low-Normal 
Reference Reference 
YSR Total Score at Age 14 
High 
Reference 0.88 (0.67 – 1.14) 
 
 No engagement in walking  Any walking 
YSR Total Score at Age 14 
Low-Normal 
Reference Reference 
YSR Total Score at Age 14 
High 
Reference 0.75 (0.58 – 0.99) 
1Under assumptions that those who were lost to follow-up would have had the same level of psychopathology as age 14 but no PA engagement at age 21 
aAdjusted for age, sex, body mass index at age 14 as well as exercise and sports engagement at age 14 and modeled YASR total score at age 21  
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Chapter 5 
The Association between the Longitudinal Course of Common Mental 
Disorders and Subsequent Physical Activity Status in Young Adults 
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Overview 
Low PA is a major public health concern. There has been extensive research 
examining the role of PA as a potentially modifiable risk factor for the onset of mental 
illness. However, fewer studies have reported how mental disorders affect future PA. 
This Chapter investigated Aim Three; what is the longitudinal association between 
mental disorders at baseline and subsequent PA status? Using data from a large 
birth cohort, we examined the association between the longitudinal course of CMDs 
(affective disorders, anxiety disorders, and substance use disorders, as well as any 
CMD) and subsequent PA status among young adults living in Australia.   
 
We analyzed prospective data from the MUSP, consisting of 1,611 young adults. 
The longitudinal course of mental disorder diagnoses between ages 21 and 30 was 
derived from the CIDI. PA status at age 30 was estimated using IPAQ. We used 
logistic regression to examine the association between the longitudinal course of 
CMDs between 21 and 30 years and subsequent PA status at age 30.  
 
After adjusting for confounding factors, we found no association between the 
longitudinal course of affective disorders, anxiety disorders, substance use 
disorders, or any CMD at ages 21 and 30 and PA status at age 30.  
 
Our findings suggest that there is no longitudinal association between the CMD 
diagnoses and PA status among young adults living in Australia. 
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Introduction 
Low PA is associated with a wide range of adverse outcomes such as increased 
mortality risk (Lee et al., 2012), CVD risk (Lear et al., 2017), and mental health 
burden (Chekroud et al., 2018). CMDs are associated with substantial burden of 
disease (Whiteford et al., 2013). In particular, the association between CMDs and 
physical comorbidities (Scott et al., 2016), as well as associated differential mortality 
(Walker et al., 2015) is well established.  
 
Most existing studies have explored PA status as a risk factor for future CMD 
diagnoses. To our knowledge, there are few longitudinal studies (Hiles et al., 2017, 
Jerstad et al., 2010, Naicker et al., 2013, Patten et al., 2009) that examined the 
impact of having CMD diagnoses (as opposed to symptoms) on subsequent PA 
status. For instance, two studies (Hiles et al., 2017, Jerstad et al., 2010) found 
associations between diagnoses of affective disorders and anxiety disorders and 
subsequent low PA status. Hiles et al. (2017) found that adults with anxiety and 
those with comorbid anxiety and depression had significantly reduced PA 
engagement two years later compared to the healthy control group. There was, 
however, no association seen in those who had a diagnosis of depression alone. 
Jerstad et al. (2010) also found the association between the baseline depression 
diagnosis and subsequent reduced PA status. However, it should be noted that their 
sample cohort consisted of female adolescents (mean age 13) only, and the findings 
may not be generalizable to other population cohorts. On the other hand, a larger 
study of 1,027 adolescents (initial age between 16 and 17) that included both males 
and females (Naicker et al., 2013) found no association between baseline 
adolescent depressive disorder diagnosis and PA status over the subsequent ten 
years. Furthermore, we are not aware of any longitudinal study that has explored the 
association between substance use disorder diagnosis using structured diagnostic 
questionnaire and subsequent PA status. 
 
Using data from a large birth cohort, this Chapter examined the association between 
the longitudinal course of CMDs, including affective disorders, anxiety disorders, and 
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substance use disorders, on subsequent PA status among young adults living in 
Australia. 
 
Methods 
Study cohort 
The MUSP is a prospective longitudinal cohort study of mothers and their offspring 
who received antenatal care at a major public hospital in Queensland, Australia, 
between 1981 and 1983. Data were collected on 7,223 singleton live-birth offspring 
and their mothers. The cohort members and their mothers were followed up at six 
months, five, 14, 21, and 30 years. For the current Chapter, young adults who 
completed questionnaires related to both CMD diagnoses and PA status at the 30 
year follow-up were included. As the data collection occurred over four years, the 
ages of cohort members at the 30 year follow-up ranged from 27 to 33 years. Written 
informed consent was obtained from the young adult at the 21 and 30 year follow-
ups. Ethical approval of the study was obtained from the University of Queensland 
Ethics Committee.  
 
Measurement of Mental Disorders  
Mental disorder diagnoses were assessed at both the 21 year follow-up and the 30 
year follow-up using the CIDI (World Health Organization (WHO), 1992). The mental 
disorder was defined as having a Diagnostic and Statistical Manual of Mental 
Disorders, 4th edition (DSM-IV) diagnosis of affective disorder (major depression, 
dysthymia or bipolar disorder), anxiety disorder (panic disorder, agoraphobia, social 
phobia, generalized anxiety disorder, specific phobia, or post-traumatic stress 
disorder), or a non-tobacco related substance use disorder. At the 21 year follow-up, 
lifetime diagnoses for these disorders were utilized (that is, having had diagnoses at 
any stage up until the 21 year follow up). At the 30 year follow-up, diagnoses from 
the past 12 months were used. In addition, the three diagnostic categories were 
further combined to create “common mental disorder” diagnostic category (i.e., those 
who meet the criteria for a lifetime diagnosis of affective disorder, anxiety disorder or 
substance use disorder versus those who did not meet any of the above diagnoses). 
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The cohort was divided into four groups according to the mental disorder status at 
the 21 year follow-up and 30 year follow-up; (i) “no mental disorder” (no mental 
disorder diagnosis at either 21 year follow-up or 30 year follow-up), (ii) “recovered” 
(mental disorder diagnosis at the 21 year follow-up but not at the 30 year follow-up), 
(iii) “incident” (no mental disorder diagnosis at the 21 year follow-up but developed 
mental disorder diagnosis at the 30 year follow-up), and (iv) “persisting” (mental 
disorder diagnosis at both 21 year follow-up and 30 year follow-up). 
 
Measurement of Physical Activity Status  
At the 30 year follow-up, PA status was measured using the IPAQ long form (Craig 
et al., 2003). The IPAQ long form is a self-report questionnaire that measures 
frequency and duration of moderate PA (≥ 4 MET), vigorous PA (≥ 8 MET), and 
walking over the preceding seven days. It measures PA in each of the following 
domains; work-related PA, transport-related PA, domestic and gardening activities, 
and leisure-time PA (The IPAQ Group, 2005). PA assessment consisted of activities 
undertaken for at least ten minutes as part of everyday life. In the current study, the 
widely used IPAQ scoring protocol categorized PA into three levels (low, moderate, 
or high) (The IPAQ Group, 2005). The categories were then further dichotomized 
into two PA status groups – low-moderate (low and moderate IPAQ PA levels 
combined) versus high (high IPAQ PA level only). In keeping with previous research 
using the MUSP cohort (Suetani et al., 2018a), responses to a range of questions 
relating to general measures of frequencies and types of PA were used to estimate 
the PA engagement at the 21 year follow-up. As described in the previous Chapter, 
in this self-report, vigorous exercise was defined as ‘exercise which makes you 
breathe harder or puff and pant’. Less vigorous exercise was defined as exercise 
‘which did not make you breathe harder or puff and pant’. The frequency of each 
type of PA was assessed with the following questions: ‘How many sessions of 
vigorous exercise did you have over the 2-week period?’, ‘How many sessions of 
less vigorous exercise did you have over the 2-week period?’ and ‘How many times 
did you walk for recreation or exercise?’. Each PA subtype was dichotomized into 
either ‘none’ (those who engaged in no session in the last two weeks), or ‘any’ (those 
who engaged in more than one session in the last two weeks). 
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Statistical Analyses 
Descriptive statistics were used to summarize the demographic characteristics of the 
cohort and the main variables of interest. To examine the impact of the longitudinal 
course of CMDs on the PA status at age 30, ORs with 95% CIs were used to 
estimate the likelihood of participants being in the high PA status group at the 30 
year follow-up compared to those in the “no mental disorder group” for each 
diagnosis. As previous studies have shown that age, sex, and BMI are associated 
with both mental health and PA (Scott et al., 2008, Bauman et al., 2012), the 
analyses were adjusted for these variables. PA engagement at the 21 year follow-up 
was also added as a potential confounder as it is likely to be associated with the PA 
status at the 30 year follow-up. In addition, the sample was stratified by sex, and the 
analyses were repeated for males and females separately.  
 
Finally, the differential attrition between age 21 and 30 was analyzed using two 
methods. First, the association between CMD diagnosis at 21 years and loss to 
follow-up at age 30 was examined. Second, based on the assumption that the data 
were missing in a non-random fashion, post hoc modeling exercises were conducted 
to explore the robustness of the main findings. In the modeled scenarios, two models 
were constructed. Model 1 assumed that those who were lost to follow-up at age 30 
would have had the same diagnostic status (present or absence) as they did at age 
21, and their PA status at age 30 was assumed to be low-moderate. Model 2 
assumed that those who were lost to follow-up at age 30 would all have CMD 
diagnosis at age 30 regardless of their diagnostic status at age 21. The PA status at 
age 30 was likewise assumed to be low-moderate for those who were lost to follow-
up. All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, 
USA). 
 
Results   
Table 5.1 summaries the frequencies and proportion of demographic and clinical 
variables. Table 5.2 reports the associations between the longitudinal course of CMD 
from ages 21 and 30 and PA status outcomes at age 30. In the unadjusted analyses, 
those with persisting anxiety disorder diagnosis were less likely to be engaged in 
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high PA status at age 30 (OR 0.65: 95% CI 0.43 – 0.98), and those in the incident 
substance use disorder group were more likely to be engaged in high PA (OR 1.98: 
95% CI 1.08 – 3.63). However, once adjusted for PA engagement at age 21, as well 
as age, sex, and BMI at age 30, there was no association between the longitudinal 
course of CMD and PA status at 30 years. Furthermore, there was no association 
between the longitudinal course of CMD and PA status at 30 years in either males or 
females.  
 
With respect to differential attrition, those who had CMD diagnosis at age 21 were 
more likely to be lost to follow up compared to those who did not (p = 0.008). Under 
the modeled scenarios, in Model 1, those who were in the recovered group were 
more likely to be in the high PA group at age 30 compared to the no mental disorder 
group. In Model 2, compared to the no mental disorder group, those who were in the 
incident group or in the persisting group were less like to be in the high PA group at 
age 30. 
 
Discussion 
Using data from 1,611 participants over the period of nine years between ages 21 
and 30, we found no longitudinal association between CMDs and PA status. Our 
null-findings were at least partially consistent with previous studies. For example, 
even though Hiles et al. (2017) found that adults with anxiety and those with 
comorbid anxiety and depression had significantly reduced PA engagement two 
years later, there was no association between depression at baseline and the 
subsequent PA status. Likewise, a larger study of 1,027 adolescents (Naicker et al., 
2013) found no association between adolescent depressive disorder diagnosis and 
PA status over the subsequent ten years. Compared to the study by Jerstad et al. 
(2010), which found an association between the baseline depression diagnosis and 
subsequent reduced PA status among adolescent females, the current study had a 
significantly older cohort (initial mean age 21 compared to 13) as well as having both 
male and female participants. Even when analyzed by gender, there was no 
association between the two variables in either sex in the present cohort. 
Furthermore, we (Suetani et al., 2018a) recently found no longitudinal association 
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between adolescent psychopathology at age 14 and PA status at age 21 using the 
same dataset (see Chapter 4). The current findings build on the previous Chapter in 
that they suggest even those with CMDs in young adulthood are not disadvantaged 
from engaging in PA in the future. This is encouraging, especially as there is a 
rapidly accumulating body of evidence indicating that PA interventions benefit people 
with mental disorders (Rosenbaum et al., 2014, Rosenbaum et al., 2016a).  
 
Of note, the current Chapter utilized well-validated measurement tools (a structured 
diagnostic interview (CIDI) for CMD diagnoses and a self-report questionnaire 
(IPAQ) for PA status) to measure the main variables of interest. In particular, the use 
of CIDI allowed us to examine diagnostic entities rather than symptoms. In addition, 
given that most CMDs are episodic in their natural illness courses, the current study 
utilized three comparison groups with different proximity of illness (i.e. past 
experience of symptoms (“recovered”), new onset of symptoms (“incident”), and 
ongoing experience of symptoms (“persisting”)), to allow for a more fine-grained 
examination of the association between CMDs and PA status. Thus, compared to 
many existing cohort studies examining the associations between PA and mental 
illness which often rely on non-validated measurement tools, the findings from the 
current study are likely to have a higher validity. 
 
Several limitations are notable, and the interpretation of our findings requires 
caution. First, the current Chapter relied on two different self-report measures to 
estimate the PA status at ages 21 and 30. While IPAQ (used at age 30) was a 
validated self-reported questionnaire, the exercise questionnaire at age 21 was not. 
Moreover, the recent review of reviews found that objective measurements such as 
accelerometers demonstrated more methodological robustness compared to self-
report measurements (Dowd et al., 2018). In large longitudinal cohort studies like 
this, however, factors other than methodological robustness, such as cost and 
feasibility, need to be considered. Given its practical advantages combined with the 
fact that IPAQ has been designed for, and tested in, adults aged 18 and 69 for 
population-level surveillance (Bauman et al., 2009), the use of this particular 
questionnaire in the current Chapter is appropriate. Second, like other longitudinal 
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studies, it is possible that the results of the current Chapter may be affected by the 
differential attrition between age 21 and 30. Related to this, similar to the previous 
Chapter, the follow-up points of 21 and 30 years selected do not preclude all 
longitudinal relationships between CMD status and PA in this period. Finally, the 
current study was conducted in Australia, thus the findings may not be globally 
generalizable.    
 
Conclusion 
Our findings suggest that there is no longitudinal association between the CMD 
diagnoses and PA status among young adults. Once again, these findings are 
encouraging as they suggest that even those with CMD diagnoses in young 
adulthood are not disadvantaged from engaging in PA in the future.   
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Table 5.1. Frequencies and proportions of demographic and clinical variables 
of participantsa,b  
  
Age (years)  
At the 21 year follow-up 20.6 ± 0.9 
At the 30 year follow-up 30.2 ± 1.1 
  
Gender (Male)  621 (38.6) 
  
Physical activity status at age 21c  
Walking 839 (59.1) 
Less vigorous 917 (64.8) 
Vigorous  765 (53.7) 
  
Physical activity status at age 30d  
Low 144 (8.9) 
Moderate 542 (33.6) 
High 925 (57.4) 
  
Any Affective Disordere   
No mental disorder   744 (74.0) 
Recovered  171 (17.0) 
Incident 50 (5.0) 
Persisting  41 (4.1) 
  
Any Anxiety Disorder   
No mental disorder 626 (62.0) 
Recovered 136 (13.5) 
Incident 140 (13.9) 
Persisting 107 (10.6) 
  
Any Substance Disorder   
No mental disorder 635 (63.1) 
Recovered  215 (21.4) 
Incident 54 (5.4) 
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Persisting  103 (10.2) 
  
Any Common Mental Disorder   
No mental disorder  379 (37.6) 
Recovered 263 (26.1) 
Incident 96 (9.5) 
Persisting  270 (26.8) 
aTotals may vary due to missing variables; bMean ± standard deviation for means and N (%) for 
frequencies; cProportion of participants who engaged in more than one session of physical activity in 
the past two weeks; dCategorized as per the International Physical Activity Questionnaire category;  
eDiagnoses derived from the Composite International Diagnostic Interview. 
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Table 5.2. Longitudinal association between the mental disorder diagnoses at ages 21 and 30 and PA status at age 30 
Mental Disorder Diagnosis at 21 
and 30 years 
PA status at age 30 
 
 Unadjusted odds ratioa 
(95% CI) 
 
Adjustedb odds ratio  
(95% CI) 
Males 
Adjusted odds ratio  
(95% CI) 
Females 
Adjusted odds ratio 
(95% CI) 
Any affective disorderc     
No mental disorders  Reference    
 
Recovered 
0.81 (0.58 – 1.14) 
 
0.90 (0.61 – 1.33) 0.98 (0.47 – 2.04) 
 
0.87 (0.54 – 1.39) 
 
Incident 
0.84 (0.47 – 1.49) 
 
0.86 (0.46 – 1.59) 0.90 (0.33 – 2.45) 
 
0.85 (0.38 – 1.89) 
 
Persisting 
0.75 (0.40 – 1.41) 
 
0.71 (0.35 – 1.45) 0.54 (0.13 – 2.27) 
 
0.81 (0.36 – 1.85) 
Any anxiety disorder     
No mental disorders Reference    
 
Recovered 
1.02 (0.70 – 1.49) 
 
1.07 (0.68 – 1.66) 0.92 (0.41 – 2.08) 
 
1.16 (0.68 – 1.98) 
 
Incident 
0.93 (0.64 – 1.34) 
 
0.98 (0.64 – 1.50) 0.90 (0.44 – 1.87) 
 
1.06 (0.62 – 1.79) 
 
Persisting 
0.65 (0.43 – 0.98) 
 
0.74 (0.45 – 1.20) 0.37 (0.11 – 1.25) 
 
0.87 (0.51 – 1.49) 
Any substance use disorder     
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No mental disorder Reference    
 
Recovered 
1.23 (0.90 – 1.68) 
 
0.92 (0.63 – 1.34) 0.81 (0.46 – 1.41) 
 
1.04 (0.62 – 1.74) 
 
Incident 
1.98 (1.08 – 3.63) 
 
1.27 (0.63 – 2.56) 2.15 (0.58 – 8.06) 
 
1.03 (0.43 – 2.44) 
 
Persisting 
1.32 (0.86 – 2.01) 
 
1.18 (0.71 – 1.95) 1.32 (0.64 – 2.73) 
 
1.05 (0.51 – 2.17) 
Any common mental disorder 
 
    
No mental disorder Reference    
 
Recovered 
1.07 (0.78 – 1.47) 
 
0.91 (0.63 – 1.32) 0.75 (0.42 – 1.35) 
 
1.00 (0.62 – 1.62) 
 
Incident 
0.93 (0.59 – 1.46) 
 
0.80 (0.48 – 1.33) 1.27 (0.48 – 3.34) 
 
0.67 (0.36 – 1.24) 
 
Persisting 
0.96 (0.70 – 1.31) 
 
0.88 (0.61 – 1.26) 1.02 (0.55 – 1.89) 
 
0.82 (0.51 – 1.30) 
aOdds ratio used to estimate the odds likelihood of participants being in the “High” group compare to “Low-Moderate” group; bAdjusted for physical activity 
engagement at age 21 and age, sex and body mass index at age 30; cDiagnoses derived from the Composite International Diagnostic Interview 
 
 
  
106 
 
Table 5.3. Attrition analyses   
Mental Disorder Diagnosis at 21  Lost to follow up Included at age 30 
Common mental disorders  
No 
 
645 (41.6) 
 
476 (47.0) 
Yes 904 (58.4) 537 (53.0) 
 
 
 Chi-Square 7.12 
p = 0.008 
Mental Disorder Diagnosis at 21 and 30 years PA status at age 30 
 Model 1 
Adjusteda odds ratiob  
(95% CI) 
Model 2 
Adjusted odds ratio  
(95% CI) 
Common mental disorders   
No mental disorder Reference  
Recovered 1.82 (1.29 – 2.58) 0.91 (0.63 – 1.33) 
Incident 1.60 (0.98 – 2.60) 0.19 (0.13 – 0.29) 
Persisting 0.72 (0.53 – 0.97) 0.36 (0.26 – 0.50) 
Model 1 assumes that those who were lost to follow up at age 30 had the same diagnostic status as they did at age 21 at age 30, and the PA status age 30 
was assumed to be low-moderate. Model 2 assumes that those who were lost to follow up at age 30 all had diagnosis of common mental disorders at age 30, 
and the PA status age 30 was assumed to be low-moderate 
aAdjusted for PA engagement at age 21 and age, sex and body mass index at age 30; bOdds ratio used to estimate the odds likelihood of participants being in 
the “High” group compare to “Low-Moderate” group  
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Chapter 6 
Physical Activity Status of People with Mental Disorders compared to the 
General Population: a Systematic Review of Longitudinal Cohort Studies 
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Overview 
The main aim for this Chapter was to investigate Aim Three; what is the longitudinal 
association between mental disorders at baseline and subsequent PA status?  We 
hypothesized that people with mental disorders would have reduced subsequent PA 
compared to those without a mental disorder. We also examined the impact of PA on 
the risk of a subsequent mental disorders.  
 
We conducted a systematic review of longitudinal studies examining mental 
disorders and PA. Longitudinal studies were population-based. Mental disorders 
were defined by ICD or DSM. The findings were described in a narrative summary.  
 
Overall, we identified eighteen studies. The majority (sixteen) examined affective 
disorders and PA. In terms of studies examining the impact of mental disorders on 
subsequent PA status, we found four studies – three examining depressive disorders 
and one examining both depressive disorder and anxiety disorder. Of these, one 
study found an increased risk of reduced PA in those with prior affective disorders 
while three other studies examining the relationship found mixed results. One study 
found that those with prior anxiety disorders had reduced subsequent PA. 
 
In studies examining the association between baseline PA status and subsequent 
mental disorders, three studies found a reduced risk of subsequent affective 
disorders in those with increased PA, five reported mixed results varying by sex and 
amount of PA, and five found no association. Of four studies examining anxiety 
disorders and PA, three found no association between PA and subsequent anxiety 
disorders. None of the included studies found association between PA and 
subsequent substance use or psychotic disorders. 
 
There is no convincing data to support the hypothesis that mental disorders impact 
on subsequent PA, nor that PA influences the risk of subsequent mental disorder. 
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Introduction 
PA is generally defined as “any bodily movement produced by skeletal muscles that 
results in energy expenditure” (Caspersen et al., 1985). It has been well-established 
as an important modifiable risk factor for the cardio-metabolic related mortality in the 
general population (Lee et al., 2012). Compared to the general population, people 
with mental disorders engage in significantly less PA (Stubbs et al., 2016a, Schuch 
et al., 2017), and PA interventions have demonstrated benefits in both the 
psychological and physical well-being of people with mental disorders (Rosenbaum 
et al., 2016a, Rosenbaum et al., 2014). Therefore, PA is increasingly being 
recognized as a potential treatment target to reduce cardio-metabolic burden and 
associated differential mortality in those with mental disorders (Lederman et al., 
2017).   
 
While much of the existing evidence for the efficacy of PA among people with mental 
disorders consists of findings from randomized controlled trials (Firth et al., 2015), 
they are often limited by factors such as selection bias (e.g., participants who 
complete the study are more likely to be motivated to be physically active than non-
participants) and short study duration. Cohort studies can mitigate some of these 
limitations and may facilitate the examination of the “real world effectiveness” of PA 
(Tiihonen, 2016). While a few cross-sectional studies (Suetani et al., 2016b, Suetani 
et al., 2017b) have examined the relationship between PA and mental disorders, 
they are less able to explore the temporal relationship between the variables of 
interest. In terms of the longitudinal association, Mammen and Faulkner (2013) 
found that 25 out of 30 longitudinal studies that they identified demonstrated that 
increased PA was associated with a reduced risk of subsequent depression. 
Roshanaei-Moghaddam and colleagues (2009), on the other hand, examined the 
effect of baseline depression on subsequent PA. Eight out of eleven studies included 
found that depression at baseline was associated with subsequent reduction in PA. 
More recently, a comprehensive systematic review by Schuch et al (2018) examined 
49 longitudinal studies consisting of 266,935 participants to find that those with high 
levels of PA had lower odds of developing depression (OR 0.83; 95% CI 0.79 - 0.88), 
and these effects were seen among youth, adults, and elderly participants. However, 
previous reviews were based a broad range of measures of depression – some were 
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symptom scales, and others diagnostic instruments. This inconsistency has 
implications for the clinical interpretation of the findings and casts doubt on the 
validity of pooling such widely disparate measures of depression (Mammen and 
Faulkner, 2013).  
 
To the best of our knowledge, there have been no reviews that systematically 
examined; (i) the bidirectional relationship between mental disorders and PA, and (ii) 
the association between mental disorders and PA in people with mental disorders 
other than depressive disorder (e.g. anxiety disorders, substance use disorders, or 
psychotic disorders). Thus, this systematic review examines the following research 
questions: (i) Do people with mental disorders – including affective disorders, anxiety 
disorders, substance use disorders, and psychotic disorders – have reduced 
subsequent PA (compared to those without mental disorders)?, and (ii) Do people 
with lower PA have an increased risk of subsequent mental disorders compared to 
those with higher PA? In order to optimize the clinical utility of the analyses, this 
review focused on traditional diagnostic criteria for mental disorders.  
 
Methods 
A systematic review was conducted according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) Guidelines (Moher et al., 2009) 
and the Meta-Analysis of Observational Studies in Epidemiology (MOOSE) Guideline 
(Stroup et al., 2000). This study was prospectively registered with PROSPERO 
(registration ID CRD42017071737). The following databases were searched for 
English-language, original research articles published in peer-review journals from 
inception to September 2017: Medline, PubMed, EMBASE, PsychInfo, CINAHL, and 
Web of Science. In addition, references from articles identified as well as several 
systematic reviews in the field were examined to identify any other article eligible for 
the current review. The following search algorithm was used: (“exercise” OR 
“physical activity”) AND (“schizophrenia” OR “psychosis” OR “depression” OR 
“bipolar” OR "serious mental illness" OR "severe mental illness" OR "anxiety" OR 
"substance use disorder" OR "substance dependence" OR "alcohol use disorder" 
OR "alcohol dependence" OR "stimulant use disorder" OR "stimulant dependence" 
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OR "common mental illness" OR "common mental disorder") AND (“longitudinal” OR 
“observational”).  
 
The inclusion criteria of the current review were: (a) longitudinal observational study 
with either prospective or retrospective design of at least twelve months (or one 
year) of follow up; (b) study populations include people with mental disorders 
(defined as those who meet the diagnostic criteria, either ICD (any version) or DSM 
(any version), for CMD (defined as affective disorders, anxiety disorders or 
substance use disorders) and SMD (defined as psychotic disorders including 
schizophrenia spectrum disorders) as well as people without mental disorders of 
interest (“the general population”); (c) presence of mental disorder diagnoses or self-
reported or objectively measured PA at the study initial follow-up point; and (d) 
outcome measures of either change in PA over time in those with mental disorders v 
general population or incidence of mental disorders. The exclusion criteria were; (a) 
experimental studies, intervention studies, reviews, meta-analyses, cross-sectional 
studies, or case-control studies; and (b) studies without general population (e.g., 
psychiatric inpatient cohort). 
 
Data Extraction  
Titles and abstracts of the articles were reviewed to identify studies that met the 
eligibility criteria. Eligibility assessment was then performed by two authors (SS and 
BS) independently. All articles that met eligibility criteria were coded. In keeping with 
previous studies (Stubbs et al., 2016c, Stubbs et al., 2016a), the following 
characteristics were extracted from each study when available; (a) study description 
(including author, publication year, location, study design, follow-up period, sample 
numbers, loss to follow-up, age, gender, PA measures, and mental disorder 
measures), and (b) study findings (effect size metrics, 95% CI, and confounders 
adjusted for). The study findings were examined and summarized according to 
consistency in direction and significance of the results. Two independent researchers 
extracted the data (SS and BS). Any disagreements were resolved by consensus.  
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Methodological Quality Appraisal  
The assessment of risk of bias in each study was evaluated using the Newcastle–
Ottawa Scale (NOS) (Wells) (Table 6.1). The NOS is a method recommended by the 
Cochrane Non-Randomized Studies Methods Working Group to evaluate the quality 
of study. Points are assigned based on the selection process of cohorts (0–4 points), 
the comparability of the cohorts (0–2 points) and the identification of the exposures 
and the outcomes of research participants (0–3 points). A score of at least 7 out of 9 
was defined as high quality. Two reviewers (SS and BS) independently assessed the 
methodological quality of each study with disagreements resolved by discussion. 
 
Additional Analyses 
The following sensitivity analyses were pre-specified in the review protocol; sub-
analyses by (i) sex, (ii) age group, (iii) self-reported v objective PA measurement, (iv) 
country, and (v) persistence or recovery of mental health symptoms.   
 
Statistical Analysis 
Descriptive statistics were used to present a summary of the findings. As studies 
included were not sufficiently homogeneous in terms of exposure, comparator and 
outcomes, meta-analysis of studies was not conducted in the current review.  
 
Results 
The search of Medline, PubMed, EMBASE, PsychINFO, CINAHL, and Web of 
Science databases identified a total of 8,407 potential papers (Figure 6.1). After 
removing duplicates, 4,665 papers remained. An additional five papers were located 
through reference lists from other systematic reviews on the topic. Of these 4,670 
papers, 4,647 papers were discarded after reviewing the titles and abstracts. The full 
texts of the remaining 23 papers were examined. Six papers required further 
discussion before consensus was reached. Three corresponding authors were 
contacted via email for further data and/or clarification. All three authors responded 
to our correspondence and two provided us with further data. Five of these papers 
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were excluded due to; (a) PA not being reported as an independent variable (n = 1), 
(b) studies being case control in design (n =2), and (c) neither ICD nor DSM criteria 
were used for diagnoses (n = 2). A total of 18 studies were identified for inclusion in 
the review. 
 
A summary of the included studies is presented in Table 6.2. Of 18 studies included, 
three studies examined the association between baseline mental disorders and 
subsequent PA (Patten et al., 2009, Naicker et al., 2013, Hiles et al., 2017), and only 
one study (Jerstad et al., 2010) reported on the bi-directional relationship between 
the variables of interest. The other 14 studies examined the association between 
baseline PA and subsequent mental disorders. The number of participants ranged 
from 496 (Jerstad et al., 2010) to 10,625 (Mikkelsen et al., 2010) and the follow up 
periods ranged from 15 months (Henchoz et al., 2014) to 26 years (Mikkelsen et al., 
2010).  
 
With respect to type of mental disorder, the majority of the included studies (11 out of 
18) examined depressive disorders (Wang et al., 2011, Tanaka et al., 2011, 
Strawbridge et al., 2002, Mikkelsen et al., 2010, McKercher et al., 2014, Jerstad et 
al., 2010, Jacka et al., 2011, Colman et al., 2014, Cabello et al., 2017, Patten et al., 
2009, Naicker et al., 2013), while one examined both depressive disorders and 
anxiety disorders (Hiles et al., 2017) and another (Weyerer, 1992) examined 
depressive and bipolar disorders. Two studies examined the relationship between 
PA and alcohol use disorder (Henchoz et al., 2014, Ejsing et al., 2015). Two studies 
assessed affective disorders, anxiety disorders, and substance use disorders within 
the same samples (Ten Have et al., 2011, Strohle et al., 2007). One study (Suetani 
et al., 2017a) examined affective disorders, anxiety disorders, substance use 
disorders as well as psychotic disorders within the same cohort group. The majority 
of the studies (13 out of 18) utilized DSM criteria (Ten Have et al., 2011, Tanaka et 
al., 2011, Suetani et al., 2017a, Strohle et al., 2007, Strawbridge et al., 2002, Patten 
et al., 2009, Naicker et al., 2013, McKercher et al., 2014, Jerstad et al., 2010, Jacka 
et al., 2011, Hiles et al., 2017, Henchoz et al., 2014, Colman et al., 2014), while four 
used ICD criteria (Weyerer, 1992, Mikkelsen et al., 2010, Ejsing et al., 2015, Cabello 
116 
 
et al., 2017). One study did not specify the diagnostic criteria used but was included 
because the study utilized the CIDI questionnaire to derive its diagnoses (Wang et 
al., 2011). 
 
In contrast to mental disorder diagnoses, there was little consistency in how PA was 
measured and categorized. None of the included study used objective PA 
measurement tools. Only six studies used validated questionnaires like IPAQ (The 
IPAQ Group, 2005), with remaining twelve studies relying on isolated self-reported 
PA items, often from just one question (e.g. “Over the past 12 months, how often did 
you participate in sports or exercising?” (Henchoz et al., 2014)). These 
questionnaires often used exercise (defined as a subtype of PA that is repetitive and 
structured, and has a specific intention of improving or maintaining fitness 
(Caspersen et al., 1985)) as a proxy for the overall PA. The wide range of 
measurement tools utilized to estimate the PA led to inconsistent PA categorizations 
(i.e. different studies used the same terminologies (e.g. “physically active”) to 
describe a wide range of different intensities/types/frequencies of PA), thus 
compromising our ability to compare and synthesize included studies in a systematic 
manner.    
 
Quality assessment scores for included studies are summarized in Table 6.3. 
Utilizing the NOS modified specifically for the current study, 15 out of 18 included 
studies were assessed as having high quality (i.e., score of at least 7 out of 9). The 
mean score was 7.1 with the lowest score of 5 and the highest score of 8. 
 
Primary Analyses 
The association between PA and mental disorders were examined for affective 
disorders, anxiety disorders, substance use disorders, and psychotic disorders.  
 
Of specific interest to this thesis, four studies examined the effect of affective 
disorders on subsequent PA. Jerstad et al. (2010) found that adolescent girls with 
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depression were less likely to engage in PA (compared to the non-depressed cohort) 
six years later. Two studies (Hiles et al., 2017, Naicker et al., 2013) found no 
association between depression at baseline and subsequent PA. One study (Patten 
et al., 2009) found that participants with baseline depression who were active 
(defined in this study as the total estimated energy expenditure greater than 1.5 
kcal/kg per day) had a greater likelihood of transitioning into being physically inactive 
(compared to those without depression). However, among those who were physically 
inactive at baseline, depression was not associated with the transition into being 
physically active at follow up.  
 
Sixteen out of 18 studies examined the association between affective disorders and 
PA. Most (13/16) focused on the depressive disorder, but three examined wider 
diagnostic entities to include dysthymia (Suetani et al., 2017a) and bipolar disorders 
(Ten Have et al., 2011, Strohle et al., 2007). Of these 16 studies, 13 (Weyerer, 1992, 
Wang et al., 2011, Ten Have et al., 2011, Tanaka et al., 2011, Suetani et al., 2017a, 
Strohle et al., 2007, Strawbridge et al., 2002, Mikkelsen et al., 2010, McKercher et 
al., 2014, Jerstad et al., 2010, Jacka et al., 2011, Colman et al., 2014, Cabello et al., 
2017) examined the relationship between PA at baseline and subsequent affective 
disorders; nine of which (Jerstad et al., 2010, Mikkelsen et al., 2010, Cabello et al., 
2017, Strawbridge et al., 2002, Tanaka et al., 2011, Wang et al., 2011, Weyerer, 
1992, Strohle et al., 2007, Ten Have et al., 2011) examined for incident (new onset) 
affective disorders, whilst four studies (Colman et al., 2014, Jacka et al., 2011, 
McKercher et al., 2014, Suetani et al., 2017a) did not measure the baseline affective 
disorder status. One (Cabello et al., 2017) also examined the effect of persistent 
depression on PA. Four studies (Hiles et al., 2017, Naicker et al., 2013, Patten et al., 
2009, Jerstad et al., 2010) examined the impact of affective disorder at baseline on 
subsequent PA.   
 
In terms of incident affective disorders (i.e. new cases of affective disorders at the 
follow up), four out of nine studies (Cabello et al., 2017, Wang et al., 2011, Weyerer, 
1992, Strohle et al., 2007) found no association between PA at baseline and 
subsequent onset of affective disorders. Two studies (Jerstad et al., 2010, 
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Strawbridge et al., 2002) found a significant association between higher PA and a 
reduced likelihood of incident affective disorders. The remaining three studies had 
mixed results; Mikkelsen et al. (2010) found that women with low PA had an 
increased likelihood of incident depression (compared to those with high PA). There 
were no significant associations between women with moderate PA compared to 
high PA, or in men. PA in this study was defined based on the response to the 
question: “If you should state your LEISURE TIME PHYSICAL ACTIVITY including 
transport to and from work during the last year, in which group do you think you 
should be placed (one answer only)? [capitalized in original questionnaire]” 
Participants were given the following choices; (a) almost entirely inactive or light PA 
less than two hours per week (defined in this study as low PA), (b) light PA for two to 
four hours per week (defined in this study as moderate PA), (c) light PA for more 
than four hours per week or more vigorous activity for two to four hours per week, or, 
(d) more vigorous PA for more than four hours per week or regular heavy exercise, 
or competitive sports several times per week (the last two categories combined 
together to form the high PA group). Tanaka et al. (2011), on the other hand, found 
that men who reported to “never” engage in PA had an increased risk of incident 
depression compared to those who reported to “often, sometimes” engage in PA. 
There was no significant association between the two variables found in women in 
this study. Ten Have et al. (2011) found that those who engaged in between one to 
three hours per week exercising, but not in those who exercised for more than four 
hours per week, had a reduced risk of subsequent mood disorders (compared to 
those who engaged in no exercise). PA in this study was estimated based on the 
response to the question: “How many hours per week have you engaged in physical 
exercise/sport lately?” 
 
Four studies examined the association of baseline PA and subsequent affective 
disorders without assessing for baseline affective disorder diagnoses, making it 
impossible to determine if these were incident cases or not. One study (Colman et 
al., 2014) found no association between PA and affective disorders in adolescents, 
while another study (Jacka et al., 2011) found that lower PA was associated with an 
increased risk of subsequent depression. Using the response to the question: “How 
often did you exercise or play sports in the last week?”, Suetani et al. (2017a) found 
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that compared to adolescents who engaged in frequent PA (more than four days), 
those with no PA engagement (“Not at all”) had an increased risk of subsequent 
affective disorders. However, there was no association between the two variables 
when the infrequent PA engagement (one to three days) was compared to the 
frequent PA engagement group. McKerracher et al. (2014) used a self-reported past-
week frequency and duration of school and extracurricular sport and exercise at 
baseline (aged 9 to 15), and the long form IPAQ (Craig et al., 2003) at follow-up 
(approximately 20 years later) to categorize participants into four PA groups; (i) 
decreasing,  (ii) increasing, (iii) persistently active, and (iv) persistently inactive. The 
study found that men in the increasing or the persistently active PA groups, but not 
those in the decreasing group, had a reduced risk of subsequent depression 
(compared to men in the persistently inactive group). No difference among the four 
groups were seen in women. Overall, these studies reveal an inconsistent pattern of 
associations between PA and affective disorders.  
 
Regarding anxiety disorders, we identified four studies (Hiles et al., 2017, Strohle et 
al., 2007, Suetani et al., 2017a, Ten Have et al., 2011) that examined the association 
between anxiety disorders and PA. Of these, only one study explored the impact of 
anxiety disorders on subsequent PA (Hiles et al., 2017). Two studies (Strohle et al., 
2007, Ten Have et al., 2011) examined incident anxiety disorders, and one study 
(Suetani et al., 2017a) did not examine baseline anxiety disorders.  
 
The only study that examined the association between the baseline anxiety disorders 
and subsequent PA found that anxiety disorders diagnosis was associated with 
reduced subsequent PA (Hiles et al., 2017). 
 
Of two studies examining incident anxiety disorders, Strohle et al (2007) found that 
compared to those engaged in no PA (defined in this study as less than once a 
month or no exercise at all), participants who were engaged in regular PA (defined in 
this study as daily and several times a week), but not in non-regular PA (defined in 
this study as one to four times a month), showed a reduced risk of subsequent 
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anxiety disorders. On the other hand, Ten Have et al. (2011) found that participants 
who engaged in between one to three hours per week of exercise, but not those who 
engaged in more than four hours per week of exercise, showed a reduced risk of 
subsequent anxiety disorders (compared to those engaged in no exercise). The 
study by Suetani et al. (2017a) found no association between PA and anxiety 
disorders, though this study did not control for baseline diagnosis. Overall, these 
studies suggest no consistent association between PA and subsequent anxiety 
disorders.  
 
In terms of substance use disorder, we found five studies that examined the 
association between substance use disorders and PA (Henchoz et al., 2014, Ejsing 
et al., 2015, Strohle et al., 2007, Suetani et al., 2017a, Ten Have et al., 2011). None 
of the included studies examined the association between the baseline substance 
use disorders and subsequent PA. Two studies explored alcohol use disorder, and 
the remaining three explored substance use disorders in general. One study (Ten 
Have et al., 2011) found no association between PA and subsequent substance use 
disorders. Three studies found mixed results. Ejsing et al. (2015) estimated the PA 
levels using the response to the question; “If you should state your LEISURE TIME 
PHYSICAL ACTIVITY including transport to and from work during the last year, in 
which group do you think you should be placed (one answer only)? [capitalized in 
original questionnaire]” Although this is the same question as the one used in the 
study by Mikkelsen et al. (2010), Ejsing et al. used different terminologies to define 
each category as follows; (a) almost entirely inactive or light PA less than two hours 
per week (defined in this study as a sedentary level), (b) light PA for two to four 
hours per week (defined in this study as a low level), (c) light PA for more than four 
hours per week or more vigorous PA for two to four hours per week, and (d) more 
vigorous PA for more than four hours per week or regular heavy exercise or 
competitive sports several times per week (the last two categories combined 
together to form a moderate/high level in this study). They found that participants 
with a sedentary level, but not those with a low PA level, had an increased risk of 
subsequent alcohol use disorder (compared with those with a moderate/high PA 
level). This finding was found in both men and women. Likewise, Henchoz et al. 
(2014) utilized a single question to estimate PA: “Over the past 12 months, how often 
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did you participate in sports or exercising?” to find that participants engaging in no 
sports or exercise (“never”), but not those with lower engagement (“a few times a 
year”, “1–3 times per month”, and “at least once per week”), had an increased risk of 
subsequent alcohol use disorders (compared to those who engaged in sports or 
exercise “almost every day”). Strohle et al. (Strohle et al., 2007) found that non-
regular PA, but not regular PA, was associated with a reduced risk of subsequent 
substance use disorders (compared to those with no PA). Suetani et al. (2017a) 
found that adolescents who engaged in infrequent PA, but not those who engaged in 
no PA, had a reduced risk of substance use disorders (compared to adolescents 
who engaged in frequent PA). Overall, there was no consistent association across all 
studies of PA and subsequent substance use disorders.  
 
Finally, only one study examined the association between PA and psychotic 
disorders. Suetani et al. (2017a) did not find any association between the baseline 
PA and subsequent psychotic disorders.  
 
Additional Analyses 
The following sub-analyses were planned in the prospective protocol; (i) sex, (ii) age 
group, (iii) self-reported v objective PA measurements, (iv) geographical location, 
and (v) persistence or recovery of mental health symptoms. As no included study 
utilized objective PA measurement, the sub-analysis (iii) was not done. Likewise, all 
but one study (combined data from Ghana, India, Mexico, and Russia)  was 
conducted in developed countries (Cabello et al., 2017), with the majority of studies 
coming from either North America (Naicker et al., 2013, Patten et al., 2009, Jerstad 
et al., 2010, Colman et al., 2014, Strawbridge et al., 2002, Wang et al., 2011) or 
Europe (Hiles et al., 2017, Mikkelsen et al., 2010, Henchoz et al., 2014, Weyerer, 
1992, Ejsing et al., 2015, Strohle et al., 2007, Ten Have et al., 2011), with three 
coming from Australia (Jacka et al., 2011, McKercher et al., 2014, Suetani et al., 
2017a), and one from Japan (Tanaka et al., 2011). Thus, the sub-analysis (iv) was 
not conducted.  
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Sub-analysis by Sex 
For affective disorders, seven studies reported results separately for each sex 
(Jerstad et al., 2010, Mikkelsen et al., 2010, McKercher et al., 2014, Tanaka et al., 
2011, Wang et al., 2011, Weyerer, 1992, Suetani et al., 2017a). All reported the 
association between PA and subsequent affective disorders while one also explored 
the reciprocal relationship. Of seven that examined the association in women, one 
study showed association between higher PA and a reduced risk of subsequent 
affective disorders (Jerstad et al., 2010), one showed mixed results (Mikkelsen et al., 
2010), and five remaining studies showed no associations (McKercher et al., 2014, 
Tanaka et al., 2011, Wang et al., 2011, Weyerer, 1992, Suetani et al., 2017a). 
Similarly, in the six studies that examined the association in men, one showed that 
reduced PA was associated with an increased risk of subsequent mood disorders 
(Tanaka et al., 2011), one showed mixed results (McKercher et al., 2014), and four 
remaining studies showed no association (Mikkelsen et al., 2010, Wang et al., 2011, 
Weyerer, 1992, Suetani et al., 2017a). Only one study explored the impact of mental 
disorders and subsequent PA. In this study of adolescent girls, those with depression 
at baseline showed lower subsequent PA (Jerstad et al., 2010).  
 
Only one study reported results by each sex for anxiety disorders. In an Australian 
study of young people, Suetani et al. found that boys who had no PA, but not those 
with infrequent PA, had an increased risk of subsequent anxiety disorders 
(compared to those who engaged in frequent PA). The same study found no 
association between PA and subsequent anxiety disorders in girls (Suetani et al., 
2017a). 
 
For substance use disorders, three studies reported results by each sex. One 
(Suetani et al., 2017a) found infrequent PA, but not no PA, was associated with a 
reduced risk of subsequent substance use disorders (compared to those with 
frequent PA) in girls. The same study found no association between PA and 
substance use disorder in boys. In contrast, the study by Ejsing et al. (Ejsing et al., 
2015) found that compared to those with a moderate/high PA level, both women and 
men with a sedentary level, but not those with a low PA level, had an increased risk 
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of subsequent substance use disorders. Further, a study conducted in Switzerland of 
young male military recruits (Henchoz et al., 2014) found that reporting to engage in 
no sports or exercise, but not lower engagement (i.e. “a few times a year”, “1–3 
times per month”, and “at least once per week”), was associated with an increased 
risk of subsequent alcohol use disorders in men (compared to those who engaged in 
sports or exercise “almost every day”).  
 
Finally, Suetani et al. (2017a) examined the relationship between PA and the 
subsequent risk of psychotic disorders in boys and girls separately. There was no 
association between these variables in either sex.  
 
Sub-analysis by Age Group 
Nine studies consisted of the general adult cohorts (Hiles et al., 2017, Patten et al., 
2009, Mikkelsen et al., 2010, Cabello et al., 2017, Jacka et al., 2011, Wang et al., 
2011, Weyerer, 1992, Ejsing et al., 2015, Ten Have et al., 2011). Six of these 
explored PA at baseline and subsequent affective disorders. One study found that 
lower PA was associated with an increased risk of subsequent depression (Jacka et 
al., 2011), three found no association (Cabello et al., 2017, Wang et al., 2011, 
Weyerer, 1992), and two found mixed results (Mikkelsen et al., 2010, Ten Have et 
al., 2011). Two studies examined affective disorders at baseline and subsequent PA. 
One study found no association (Hiles et al., 2017) while the other found mixed 
results (Patten et al., 2009). In terms of anxiety disorders, one study found mixed 
results when examining the relationship between PA and subsequent diagnoses 
(Ten Have et al., 2011) while another study found that those with baseline anxiety 
disorders were more likely to have reduced subsequent PA (Hiles et al., 2017). 
Finally, when examining the association between baseline PA and subsequent 
substance use disorder in this age group, one study found mixed results (Ejsing et 
al., 2015) and another no association (Ten Have et al., 2011).   
 
Seven studies (Naicker et al., 2013, Jerstad et al., 2010, Henchoz et al., 2014, 
Colman et al., 2014, McKercher et al., 2014, Strohle et al., 2007, Suetani et al., 
124 
 
2017a) focused on young people under the age of 20 at the onset of the study. Of 
these, five studies examined baseline PA and subsequent affective disorders. One 
found that adolescent girls with reduced PA were more likely to develop incident 
depressive disorder subsequently (Jerstad et al., 2010), and two studies each 
showed either no association (Colman et al., 2014, Strohle et al., 2007) or mixed 
results (McKercher et al., 2014, Suetani et al., 2017a). Two studies explored the 
reciprocal relationship between the baseline affective disorders and subsequent PA. 
While Jerstad et al. (2010) found that adolescent girls with depression were less 
likely to engage in subsequent PA, Naicker et al. (2013) found no association 
between the two variables. In addition, two studies found mixed results for baseline 
PA and subsequent anxiety disorders (Strohle et al., 2007, Suetani et al., 2017a), 
three studies found mixed results for baseline PA and subsequent substance use 
disorders (Strohle et al., 2007, Suetani et al., 2017a, Henchoz et al., 2014), and one 
found no association between baseline PA and subsequent psychotic disorders 
(Suetani et al., 2017a) in this age group. 
 
Two studies examined older adults with one consisting of those over the age 40 
(Tanaka et al., 2011), and another with those over the age 50 (Strawbridge et al., 
2002). Tanaka et al. (2011) found an increased risk of subsequent affective 
disorders in men with lower PA, but this relationship was not identified in women. 
Strawbridge et al. (2002) reported that the higher PA at baseline was associated with 
a reduced risk of subsequent affective disorders. Neither of the two studies 
examined any other diagnostic group.  
 
Sub-analysis by Persistence or Recovery of Mental Health Symptoms 
Cabello et al. (2017) examined the sub-group who had persistent depression 
(defined as those who met the criteria for depression at both baseline and follow up). 
Using the IPAQ PA categories (The IPAQ Group, 2005), they found that participants 
with low PA, but not those with moderate PA, were more likely to have persistent 
depression (compared to those with high PA).  
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Ten Have et al. (2011) examined if PA (defined in this study as hours per week 
engaged in physical exercise/sport recently) was associated with the likelihood of 
recovery from various mental disorders (affective disorders, anxiety disorders, and 
substance use disorder). PA was not associated with recovery from affective 
disorders or substance use disorders, but there was evidence to suggest that those 
who had engaged in exercise/sports were more likely to recover from anxiety 
disorders (compared to those who had not engaged in exercise/sports recently).   
  
Discussion  
Summary of Evidence 
We would like to draw attention to three key findings. First, apart from depression, 
there has been relatively little research examining the association between PA and 
mental disorders using clinical diagnostic criteria. Second, there is a wide range of 
different methods used to measure and classify PA, thus making it difficult to 
compare one study from another. Third, the findings from this Chapter, the first 
systematic review to examine the association between PA and mental disorder 
diagnoses using longitudinal observation studies - suggest there is no convincing 
data to support the hypothesis that mental disorders impact on subsequent PA, nor 
that PA influences the risk of subsequent mental disorders. 
 
The 18 studies included 15,338 participants in total. Within these studies, only two 
found a consistent association between lower PA and a reduced risk of subsequent 
mental disorders. One study found the bidirectional association (i.e., greater PA was 
associated with a reduced likelihood of subsequent major depression, and major 
depression predicted lower subsequent PA engagement). Eleven studies found 
mixed results (i.e., no consistency in direction and significance of the findings). Four 
studies found no association between the variables of interest.  
 
Previously, Mammen and Faulkner (2013) reported that 25 out of 30 longitudinal 
studies identified in their review showed the association between greater PA and a 
reduced subsequent risk of developing depression. However, only five (Jerstad et 
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al., 2010, Mikkelsen et al., 2010, Strawbridge et al., 2002, Wang et al., 2011, 
Weyerer, 1992) of the 30 studies included in their study met the inclusion criteria for 
the current review due to this review having a narrower definition of mental disorders 
(Jerstad et al., 2010, Mikkelsen et al., 2010, Strawbridge et al., 2002, Wang et al., 
2011, Weyerer, 1992). Similarly, Hoare et al. (2014) have identified six longitudinal 
studies that examined the association between PA and subsequent depressive 
symptoms among adolescents. Even though all six studies found the association 
between greater PA and a reduced subsequent risk of depressive symptoms with 
one study also demonstrating the opposite direction of the association, only one out 
of the six studies included (Jerstad et al., 2010) met the inclusion criteria for the 
current review.  
 
There has been little attention given to the association between the PA and 
subsequent anxiety, substance use, and psychotic disorders. In the current review, 
four studies (Hiles et al., 2017, Strohle et al., 2007, Suetani et al., 2017a, Ten Have 
et al., 2011) examined the association between PA and anxiety disorders. Five 
studies (Strohle et al., 2007, Suetani et al., 2017a, Ten Have et al., 2011, Ejsing et 
al., 2015, Henchoz et al., 2014) examined the association between PA and 
subsequent substance use disorders and only one study examined the relationship 
between PA and psychotic disorders (Suetani et al., 2017a). Overall, there was no 
consistent association among these studies.  
 
Further, we identified the main limitation of the literature to be the inconsistency in 
measurement and definition of PA and absence of objective measurement of PA. As 
PA is often unstructured and varies in both intensity and duration as well as type, 
measuring and assessing PA is inherently complex (Knowles, 2017). More accurate 
and reliable PA measurements would allow us to explore more fine-grained aspects 
of the relationship such as the dose-response relationship, as well as the impact of 
duration, intensity and pattern of PA (Dowd et al., 2018). Further, the risk of under-
reporting with self-report measurements may be particularly high in people with 
mental disorders. For example, using the data from the UK Biobank, Firth et al. 
(2017) recently demonstrated that self-reported PA questionnaire failed to capture 
127 
 
the significant reduction in PA engagement demonstrated with accelerometers. 
Given that all the studies included in this review relied on self-reports rather than 
objective measurements, and the proportion of participants focused were those with 
mental disorders, the risk of underreporting due to both recall/reporting biases and 
methodological effectiveness of the tools used is likely to be substantial.  
 
Strengths and Limitations 
Strengths of the current analysis included the particular focus on participants with 
more robust definitions of mental disorders, thus allowing the findings to have more 
clinical utility compared to previous reviews. It also focused on data from longitudinal 
studies, facilitating a better exploration of the temporal association between PA and 
mental disorders.  
 
There are some significant limitations. First, the majority of included studies 
measured mental disorder diagnoses at both time points to allow for the estimate of 
the incident, or change in mental disorder diagnosis status. This allowed the current 
review to investigate if PA was associated with the change in the outcome (mental 
disorder diagnosis status), rather than just examining the association between the 
two variables at different time points. However, few included studies accounted for 
the change in PA status using a consistent measurement tool over the same period 
of time, which limited our ability to examine the change in the PA status in the same 
manner. Further, the current review only examined one mental disorder diagnosis at 
a time. Comorbidity of CMDs is very common (Plana-Ripoll et al., 2019). For 
example, as seen in Chapter 2 of this thesis, one large Australian study found that 
nearly half (48.5%) of people with CMD had more than one CMD diagnosis (Suetani 
et al., 2017b)), it would be useful for future studies in this field to consider the impact 
of CMD comorbidity on PA status. 
 
Another important limitation is the fact that the current review only included 
observational studies. While most of the included studies controlled for potential 
confounders such as age, sex and BMI, only few of them considered other factors 
128 
 
like smoking status, other medical conditions and socioeconomic status, and none of 
them included factors like cardiorespiratory function (CRF), the ability of the 
circulatory, respiratory, and muscular systems to supply oxygen during sustained 
PA. There may be other unmeasured confounding factors that may influence the 
association between the two variables in any given observational study. Given these 
limitations, even though the current review restricted its search to longitudinal studies 
only, it is unable to comment on causative factors between mental disorders and PA. 
This may, at least in part, explain why the results of the current review are not in line 
with the accumulating base of research evidence from interventional studies that 
indicate that PA is beneficial to people with mental disorders (Rosenbaum et al., 
2014, Rosenbaum et al., 2016a).  
 
In addition, consistent with previous reviews, the current analysis found that the 
majority of samples identified came from developed countries. There were also only 
two studies that explored older participants while seven studies consisted of young 
people. While this may reflect the fact that most mental disorders have its onset in 
youth (Kessler et al., 2007a), it also limits the generalizability of the current findings 
in older people.   
 
Future Direction 
The current Chapter highlights the need for researchers in this field to explore an 
appropriate and consistent tool to measure PA in large cohort studies with more 
robust designs. While objective measurements such as accelerometers may have 
more favorable features in terms of validity, reliability, and sensitivity when 
measuring PA, this needs to be weighed against practical issues such as cost, 
feasibility, acceptability, and tolerance, especially if the study requires the 
participants to wear these devices for a considerable amount of time. Furthermore, 
given how rapidly the technology is advancing, most measurement devices that are 
used at the baseline data collection may be out of date by the follow-up point in 
longitudinal studies with long durations. Thus, subjective validated measurement 
tools such as self-report questionnaires still have an important role (Bauman et al., 
2009). It may also be useful to have a tool that has specifically considered the needs 
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of people with mental disorders. Currently, there is an active exploration in this area 
as exemplified by the worldwide evaluation of the SIMPAQ (simple PA 
questionnaire) (Rosenbaum et al., 2016b). Alternatively, or in combination with 
measurements for PA status, another option is to use a measurement of CRF. In the 
general population, CRF predicts mortality better than PA, especially in the older 
cohort (Kujala, 2018). A proxy measure of CRF such as the six minute walk test may 
be relatively easy to perform (Laboratories, 2002), and the understanding of the 
importance of CRF in people with mental disorders is growing (Stubbs et al., 2016b, 
Vancampfort et al., 2015b, Vancampfort et al., 2015c). At the population level, 
measures of CRF may represent a more suitable modifiable risk factor and potential 
consequences of mental disorders.   
 
PA is a complex behavior with many different psychosocial factors such as social 
support influencing the opportunity to engage in PA across the life course (Bauman 
et al., 2012, Suetani et al., 2016a). Likewise, mental disorders have various known 
and unknown causative pathways affected by both biological and psychosocial 
factors (e.g. (Suetani et al., 2018b)). To account for such complexities, future studies 
should incorporate novel designs that may help strengthen the exploration of the 
causative natures of the relationship such as Mendelian comparison and sibling 
comparison on a large scale in a collaborative manner (Kujala, 2018, Wade et al., 
2018). 
   
Conclusion 
There is a lack of consistent evidence linking a diagnosis of mental disorders and 
subsequent PA status, or baseline PA and subsequent mental disorder diagnosis. 
The current review also found the need for a more consistent approach to measuring 
and defining PA, as well as incorporating novel approaches to account for inherent 
complexities of PA. Given the potential importance of PA at both the individual and 
population levels, this issue warrants ongoing attention. 
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Table 6.1: Newcastle-Ottawa Quality Assessment Scale for Cohort Studies 
criteria used for this Chapter 
Selection 
1) Representativeness of the exposed cohort 
a) truly representative of the average people with mental disorders in the 
community*  
b) somewhat representative of the average people with mental disorders in 
the community* 
c) selected group of users eg nurses, volunteers (particular age group or 
only one gender) 
d) no description of the derivation of the cohort 
2) Selection of the non-exposed cohort 
a) drawn from the same community as the exposed cohort* 
b) drawn from a different source 
c) no description of the derivation of the non exposed cohort  
3) Ascertainment of exposure 
a) objective measure (e.g. accelerometer)* 
b) structured interview or validated self-report* (e.g. IPAQ) 
c) written self report (non-validated questions) 
d) no description 
4) Demonstration that outcome of interest was not present at start of study 
a) yes* 
b) no 
Comparability 
1) Comparability of cohorts on the basis of the design or analysis 
a) study controls for baseline mental disorder diagnosis or physical activity 
status* 
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b) study controls for any additional factors (age, sex and BMI)* 
Outcome 
1) Assessment of outcome  
a) independent blind assessment* 
b) record linkage* 
c) self report  
d) no description 
2) Was follow-up long enough for outcomes to occur 
a) yes (5 years)* 
b) no 
3) Adequacy of follow up of cohorts 
a) complete follow up - all subjects accounted for* 
b) subjects lost to follow up unlikely to introduce bias - small number lost - > 
80% follow up, or description provided of those lost)* 
c) follow up rate < 79% and no description of those lost 
d) no statement 
Note: A study can be awarded a maximum of one star (*) for each numbered item within the Selection 
and Outcome categories. A maximum of two stars can be given for Comparability. 
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Table 6.2: Summary of included studies evaluating longitudinal association of PA status and mental disorder diagnoses   
Source  Age 
group at 
baseline 
and sex 
Site Number of 
participants 
at follow up 
Follow up   PA 
measurement 
categories   
(Measurement 
used) 
Mental 
disorder 
diagnoses  
(Measurement 
used) 
Main 
findings  
 
Association  
 Studies examining the association between baseline physical activity and later mental disorders 
Cabello et 
al  
2017 
 
18 and 
over 
Male and 
female 
 
Ghana, 
India, 
Mexico, 
Russia 
7,908 3 to 8 years  Low, moderate, 
high (IPAQ-SF in 
wave 0, GPAQ in 
wave 1)  
ICD-10 
depressive 
episode  
(CIDI) 
Low, but not 
moderate, 
PA predicted 
higher risk of 
persistent 
depression 
 
No 
association 
between PA 
and incident 
depression  
Mixed 
Colman et 
al  
2014 
 
12 to 17 
years 
Male and 
female  
Canada 583 14 years Physically active, 
moderately 
active, physically 
inactive  
DSM-IV major 
depressive 
episode  
(CIDI) 
No 
association 
between PA 
No 
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(Energy index) and 
depression  
Ejsing et al  
2015 
 
20 and 
over 
Male and 
female 
(analysed 
separately)  
Denmark 6,237 20.9 years Sedentary level, 
low level, 
moderate/high 
level  
(One question 
self-report) 
ICD-10 alcohol 
use disorder 
(National 
Patient 
Registry) 
Sedentary, 
but not low, 
level was 
associated 
with 
subsequent 
alcohol use 
disorder in 
both male 
and female  
Mixed 
Henchoz et 
al 2014 
 
Mean age 
19.95 
Male only 
Switzerland 4,846 15 months Resisters, 
lapsers, adopters, 
maintainers  
(One question 
self-report) 
DSM-IV 
alcohol 
dependence 
(self-report 
questionnaire)  
Resisters 
and lapsers, 
but not 
adopters, 
showed 
increased 
risk of 
subsequent 
alcohol 
dependence  
Mixed 
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Jacka et al  
2011 
 
20 to 97 
years 
Male and 
female 
Australia 2,152 Retrospective 
study  
Low PA, high PA 
(Retrospective 
questionnaire) 
DSM-IV 
depression 
(self-report 
questionnaire) 
Low PA 
predicted 
higher risk of 
subsequent 
depression  
Yes 
McKercher 
et al 2014 
 
9 to 15 
years 
Male and 
female 
Australia 1,630 20 years Decreasing, 
increasing, 
persistently 
active,  
persistently 
inactive  
(Historical leisure 
activity 
questionnaire on 
baseline, IPAQ at 
follow up) 
DSM-IV major 
depressive 
disorder or 
dysthymic 
disorder  
(CIDI) 
No 
association 
between PA 
and 
subsequent 
depression in 
female 
 
Increasing, 
and 
persistently 
active PA 
associated 
with reduced 
risk of 
subsequent 
depression in 
male 
Mixed 
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Mikkelsen 
et al 2010 
 
20 to 93 
years 
Male and 
female 
Denmark 10,625 26 years Low level, 
moderate level, 
high level 
(One question 
self-report) 
ICD-10 
depression 
(National 
Patient 
Registry) 
In female, 
increased 
risk of future 
depression 
found in 
those in the 
low PA, but 
not 
moderate, 
group 
 
In male, no 
association 
found 
between PA 
and future 
depression  
Mixed 
Strawbridge 
et al 2002 
 
50 and 
over 
Male and 
female 
United 
States 
1,947 5 years  PA scale ranging 
from 0 to 8 
(Self-report 
questionnaire) 
DSM-IV 
depression 
(CIDI) 
Higher PA 
associated 
with  a 
reduced risk 
of 
Yes 
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subsequent 
depression  
Strohle et al  
2007 
 
14 to 24 
years 
Male and 
female 
Germany 2,548 4 years Regular, non-
regular, no 
(Self-report 
questionnaire) 
DSM-IV 
anxiety 
disorders, 
mood 
disorders, 
substance use 
disorders  
(CIDI) 
Reduced risk 
of 
subsequent 
anxiety 
disorders in 
those with 
regular PA 
 
Reduced risk 
of 
subsequent 
substance 
use disorders 
in those with 
non-regular 
PA 
 
No 
association 
between 
mental 
Mixed 
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disorders and 
PA status 
otherwise 
Suetani et 
al  
2017 
 
Mean age 
13.9 
Male and 
female 
Australia 2,575 7 years  No, infrequent, 
frequent 
(Self-report 
questionnaire) 
DSM-IV 
anxiety 
disorder, mood 
disorders, 
substance use 
disorders, 
psychotic 
disorders  
(CIDI) 
Increased 
risk of 
subsequent 
mood 
disorders in 
those with no 
PA 
engagement 
 
Reduced risk 
of 
subsequent 
substance 
use disorders 
in those with 
infrequent PA 
engagement 
 
In male, 
increased 
Mixed 
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risk of 
subsequent 
anxiety 
disorders in 
no PA group 
 
In female, 
reduced risk 
of 
subsequent 
substance 
use disorders 
in those with 
infrequent PA 
engagement  
 
No other 
association 
between PA 
engagement 
and mental 
disorders  
139 
 
Tanaka et al  
2011 
 
40 to 69 
years  
Male and 
female 
Japan 9,201 7 years  Often/sometimes, 
never 
(One question 
self-report) 
DSM-IV major 
depressive 
episode 
(self-report 
questionnaire) 
Increased 
risk of future 
depressive 
episode in 
those in 
never PA 
group in male 
 
No 
association 
between PA 
and future 
depressive 
episode in 
female 
Mixed 
Ten Have et 
al 2011 
 
18 to 64 
years 
Male and 
female 
Netherlands  4,796 3 years 0 hours per week 
spent on 
exercise, 1-3 
hours per week, 
more than 4 
hours per week  
(One question 
self-report) 
DSM-III-R 
mood 
disorders, 
anxiety 
disorders, 
substance use 
disorders  
(CIDI) 
Reduced risk 
of future 
mood 
disorders in 
those with 1-
3h, but not 
4h and more, 
Mixed 
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spent on 
exercise 
 
Reduced risk 
of future 
anxiety 
disorders in 
those with 1-
3h, but not 
4h and more, 
spent on 
exercise 
 
No 
association 
between 
exercise and 
future 
substance 
use disorders  
Wang et al  
2011 
 
12 and 
over 
Canada Unclear 6 years Active, inactive Depression 
(unclear which 
classification) 
No 
association 
between PA 
No 
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Male and 
female 
(Minnesota 
leisure-time PA 
questionnaire) 
(CIDI) and 
depression in 
either male 
or female 
Weyerer  
1992 
 
15 and 
over 
Male and 
female 
Germany 1,341 5 years No, occasional, 
regular exercise 
(One question 
self-report) 
ICD mood 
disorders 
(clinical 
interview 
scales) 
No 
association 
between PA 
and future 
depression 
for total, male 
or female  
No 
 Studies examining the association between baseline mental disorders and future physical activity 
Hiles et al  
2017 
18 to 65 
years 
Male and 
female 
Netherlands 1,994 6 years MET minute per 
week  
(IPAQ) 
DSM-IV 
anxiety 
disorder and 
DSM-IV 
depressive 
disorder (CIDI) 
Current 
anxiety, 
current 
depression, 
current co-
morbid, but 
not remitted 
disorder, 
were 
associated 
with reduced 
Mixed 
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subsequent 
general PA  
Naicker et 
al  
2013 
 
16 to 17 
years 
Male and 
female 
Canada 681 10 years Inactive, 
moderate/active 
(unclear)  
DSM-IV major 
depressive 
episode 
(CIDI) 
No 
association 
between 
adolescence 
depression 
and 
subsequent 
PA  
No 
Patten et al  
2009 
 
12 and 
over 
Male and 
female 
Canada 8,422 10 years  Active, inactive 
(Self-report 
questionnaire)  
DSM-IV major 
depressive 
episode (CIDI) 
Major 
depressive 
episode 
predicted 
transition 
from active to 
inactive PA 
but not from 
inactive to 
active PA 
Mixed 
 Studies examining the bidirectional association between mental disorders and physical activity 
Jerstad et al  
2010 
11 to 15 
years 
United 
States 
496 6 years Number of 
physical activities  
DSM-IV 
depression 
Greater PA 
associated 
Yes 
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 Female 
only  
(Modified version 
of the Past Year 
Activity Scales) 
 
 
(Schedule for 
affective 
disorder and 
schizophrenia 
for school 
aged children) 
with a 
reduced 
likelihood of 
subsequent 
major 
depression  
 
Major 
depression 
predicted 
lower 
subsequent 
PA 
engagement  
PA, physical activity; IPAQ SF, international physical activity questionnaire short form; GPAQ, global physical activity questionnaire; ICD, international 
classification of diseases; CIDI, composite international diagnostic interview; DSM, diagnostic and statistical manual of mental disorders; MET, metabolic 
equivalent total 
 
 
 
 
144 
 
 
 
Table 6.3. Quality Assessment Scores 
 Selection  
1 
 
2 
  
3 
 
4 
Comparability  
1 
Outcome  
1 
 
2 
 
3 
Total 
Cabello et al 2017 1 1 1 1 2 1 0 0 7 
Coleman et al 2014 1 1 0 1 2 1 1 0 7 
Ejsing et al 2015 1 1 0 1 2 1 1 1 8 
Henchoz et al 2014 1 1 0 1 1 0 0 1 5 
Hiles et al  
2017 
0 1 1 1 2 1 1 1 8 
Jacka et al 2011 0 1 0 1  2 0 1 1 6 
Jerstad et al 2010 0 1 1 1 2 1 1 1 8 
McKercher et al 2014 1 1 1 0 2 0 1 1 7 
Mikkelsen et al 2010 1 1 0 1 2 1 1 0 7 
Naicker et al 2013 1 1 0 1 2 0 1 1 7 
Patten et al 2009 1 1 1 0 2 1 1 0 7 
Strawbridge et al 2002 1 1 0 1 2 1 1 1 8 
Strohle et al 2007 1 1 0 1 2 1 0 1 7 
Suetani et al 2017 1 1 0 0 2 1 1 1 7 
Tanaka et al 2011 0 1 0 1 2 0 1 1 6 
ten Have et al 2011 1 1 0 1 2 1 0 1 7 
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Wang et al 2011 1 1 1 1 2 1 1 0 8 
Weyerer  
1992 
1 1 0 1 2 1 1 1 8 
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Figure 6.1: Search Process
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Records identified through database 
searching on 14 Sept 17 
MEDLINE = 1,110; PubMed = 1,163; 
EMBASE = 2,638; PsychINFO = 1,800; 
CINAHL = 419; Web of Science = 1,277 
(n = 8,407) 
Additional records identified through 
other sources 
(n = 5) 
Records after duplicates removed 
(n =  4,665) 
Records screened 
(n = 4,670) 
Records excluded: 
(n =4,647) 
Full-text articles assessed for 
eligibility 
(n = 23) 
Full-text articles excluded, 
with reasons a, b, c etc 
(n = 5; 
Physical activity not reported 
as an independent variable n 
=    1, case control studies n 
=2, Physician reported 
mental health diagnoses n = 
2) 
Studies included in 
qualitative synthesis 
(n = 18) 
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Chapter 7 
Discussion
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This thesis has described the cross-sectional and longitudinal associations between 
mental disorders and PA. These are important issues because people with mental 
disorders continue to experience an increased risk of premature mortality compared 
to the general population, and increased PA is associated with reduced 
cardiometabolic and mortality risk. Improving our understanding of the relationship 
between mental disorders and PA is critical to designing appropriately targeted 
intervention studies, formulate public health policies and improve clinical practice. 
 
The Chapters presented in this thesis have used an epidemiological approach to 
understand the impact of mental disorders on PA. Data from three large Australian 
epidemiological datasets; the Australian National Survey of Mental Health and 
Wellbeing 2007, the SHIP, and the MUSP were utilized to investigate the thesis 
Aims.  
 
Summary of Findings 
This thesis examined; 
I. the cross-sectional association between CMDs and PA, 
II. the factors associated with PA status among people with SMDs, and, 
III. the longitudinal association between mental disorders at baseline and 
subsequent PA status. 
 
The cross-sectional association between CMDs and PA status 
In Chapter 2, analysis of data from the Australian National Survey of Mental Health 
and Wellbeing 2007 (n = 8,841) found that people with a history of CMDs did not 
differ in their PA status compared to those with no history of CMDs. The hypothesis 
that people with a diagnosis of CMD would have lower PA status compared to those 
without CMD, and the impact of CMD would be more pronounced if the individuals 
had symptoms more recently, or met diagnostic criteria for more than one CMD, was 
not supported. Therefore, the findings suggest that there is no cross-sectional 
association between CMDs and PA.  
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The factors associated with PA status among people with SMDs 
Chapter 3 examined the PA status of over 1,800 people living with SMDs using data 
from the SHIP. Significant associations were found between low PA status and a 
range of variables including; older age, unemployment, educational non-
participation, antipsychotic medication use, social dysfunction, self-reported 
loneliness, and obesity. Of note, there were no significant association between PA 
and; sex, psychosis type, illness duration, physical comorbidity, or negative 
symptoms. These findings provide research questions suitable for future research. 
For example, the Chapter found an association between loneliness and reduced PA. 
While it was not possible to examine the direction of this association (e.g. did mental 
disorders reduce social engagement, which then resulted in less PA, or did low PA 
lead to reduced social engagement?), it raises the possibility that those with SMDs 
may find group-based PA beneficial for both social connectedness and health 
benefits. Because sustaining participation in PA is difficult (Suetani et al., 2016a, 
Bartels, 2015), this finding warrants more focused research.  
 
The longitudinal association between mental disorders at baseline and subsequent 
PA status 
Chapter 4, using data from 3,663 young adults in the MUSP, found that 
psychopathology at age 14 was not associated with subsequent PA engagement at 
age 21. Likewise, Chapter 5, using the same cohort, found no longitudinal 
association between CMDs and PA status at ages 21 and 30. These two Chapters 
were limited in that they only assessed adolescents and young people. To examine 
the longitudinal association in the older age group, a systematic review was 
conducted to examine the longitudinal association between mental disorders (both 
CMDs and SMDs) and PA in Chapter 6. Again, there was no convincing evidence in 
the literature to suggest any longitudinal association between mental disorders and 
PA. This was contrary to the hypothesis that people with a diagnosis of mental 
disorder at baseline would have lower subsequent PA status compared to those 
without a mental disorder. Collectively, the findings suggest that there is no 
longitudinal association between mental disorders at baseline and subsequent PA.  
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Strengths and Limitations  
The current thesis has many strengths. In all Chapters except Chapter 6, data from 
large Australian epidemiological studies were utilized. In particular, both the National 
Survey of Mental Health and Wellbeing (Chapter 2) and the SHIP (Chapter 3) are 
nationally representative of people with CMDs and SMDs, respectively. These 
datasets represent the largest cross-sectional studies examining people with CMDs 
and SMDs in Australia. In addition, the MUSP (Chapters 4 and 5) is one of the most 
comprehensive longitudinal cohorts in Australia. Furthermore, the mental disorders 
were assessed using well-validated instruments. By defining the exposure variable 
(mental disorders) with robust definitions of mental disorders as opposed to 
commonly used symptom scales, the findings in this thesis have strong clinical utility. 
 
Nevertheless, several limitations are notable. While each Chapter has included a 
section addressing limitations of the specific study, there are some limitations shared 
by most Chapters presented in this thesis. There are three major limitations in this 
thesis; (i) the use of subjective PA measurement tools, (ii) observational study 
designs, and (iii) the generalizability of the findings beyond Australia.  
 
First, even though it is both practical and feasible in population studies, subjective 
PA assessment tools (the Active Australia Survey in Chapter 2, IPAQ in Chapters 3 
and 5, and a non-validated self-report in Chapter 4) are vulnerable to recall and 
social desirability bias, and may not provide accurate estimates of PA status. As PA 
is embedded in everyday life, it is often unstructured, and fluctuates rapidly in both 
intensity and duration. Measuring PA is inherently complex and difficult (Knowles, 
2017). The complexity is likely to be heightened when studies are large in numbers 
and long in duration. A recent review of reviews found that objective measurements 
such as accelerometers demonstrated more methodological robustness compared to 
self-report measurements (Dowd et al., 2018). For example, Celis-Morales et al 
(2012) examined 317 adults to compare the effects of using accelerometers (an 
objective measurement tool) and the IPAQ (a self-report) on the relationship 
between PA status and cardio-metabolic risk factors in the general population. They 
found that the IPAQ underestimated the strength of many risk factors examined 
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compared to the accelerometer measurements. The risk of under-reporting with self-
report measurements may be particularly high in people with mental disorders. This 
was well demonstrated in the recent study by Firth et al. (2017) where the self-
reported PA questionnaire failed to capture the significant reduction in PA 
engagement demonstrated with accelerometers among 1,078 people with 
schizophrenia. That said, in large cohort studies like the ones included in the current 
thesis, factors other than methodological robustness, such as cost and feasibility, 
need to be considered. On balance, given its practical advantages and specific 
cohorts examined, the use of the self-report PA assessment tool in the current thesis 
is appropriate.  
 
Another major limitation concerns the study designs. Chapters 2 and 3 examined 
cross-sectional data. In these Chapters, the cross-sectional assessments did not 
allow any inferences about the causation between PA and the mental disorders to be 
made. Chapters 4 and 5 examined longitudinal data from the MUSP. In these 
Chapters, the generalizability of the findings may be affected by differential attrition. 
Further, follow-up points (ages 14, 21, and 30 years) for these Chapters were 
somewhat artificial, and they do not preclude all longitudinal relationships between 
mental disorders and PA. Also, the current thesis only included data from 
observational studies, including the systematic review in Chapter 6. While some 
potential confounders such as age, sex, and BMI were adjusted for in the analyses, 
a range of other potential confounders (e.g. CRF) were not available in the datasets. 
To account for complexities associated with both PA engagement and mental 
disorders, future studies should incorporate novel designs that may help strengthen 
the exploration of the causative natures of the relationship between mental disorders 
and PA. For example, Choi et al. (2019) recently investigated the bidirectional 
relationship between depression and PA using Mendelian Randomization. In brief, 
this method explores potential causation by assuming genetic variation as a natural 
experiment in which individuals are assigned to different levels of non-genetic 
exposure during their lifetime, thus minimizing the potential residual confounding. 
Mendelian Randomization assumes that if PA causally reduces the development of 
depression, then individuals who carry genetic variants for increased PA should 
proportionally be less likely to get depressed (Chekroud, 2019). Using this method, 
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the study found that people with increased PA had reduced likelihood of developing 
depression, but the association was evident only when objectively measure PA, not 
self-reported PA, was used. They found no association between depression and 
subsequent PA status regardless of how PA was measured (Choi et al., 2019), 
which is consistent with the main findings in this thesis. 
Finally, while it was the intention of this thesis, studies in all but one Chapter were 
conducted in Australia. While much of service settings and patient/participant 
characteristics are likely to be similar in developed countries in the West, the 
generalizability of the findings may be limited in other regions of the world.    
 
Clinical Implication and Future Directions 
The findings in this thesis suggest that there is no association between CMDs and 
PA status, either in a cross-sectional or longitudinal manner. Clinically, given how 
common CMDs are, combined with the established benefits from PA, these findings 
are encouraging. Similarly, while the study design in Chapter 3 did not allow for the 
comparison between the individuals with SMDs and the general population, there 
were no cross-sectional associations between PA and factors such as comorbid 
physical illness, negative symptoms of psychosis, duration of illness, or psychosis 
type in individuals with SMDs. These factors, traditionally thought to have been 
associated with poor engagement with PA by many clinicians, may not impede PA 
engagement in people with SMDs. In other words, the findings suggest that a 
commonly held assumption that mental disorders negatively impact on PA status 
may be a clinician’s illusion. People with diagnoses of mental disorders, whether 
they have CMDs like depression or SMDs like schizophrenia, should be encouraged 
and supported to engage in PA, regardless of their diagnoses, or other factors that 
clinicians may view as barriers to doing so.  
 
The evidence for the efficacy of PA interventions in experimental settings among 
people with mental disorders is rapidly accumulating (Rosenbaum et al., 2016a, Firth 
et al., 2016, Firth et al., 2015). Combined with the fact that the main driver for the 
persisting differential mortality is chronic physical conditions, it is likely that people 
with mental disorders will benefit from long-term, sustained PA interventions that 
154 
 
translate the efficacy seen in research settings into the meaningful effectiveness in 
patients’ lives. While increasing PA is challenging even in people without mental 
disorders (Kohl et al., 2012), the findings in this thesis should encourage more 
engagement among researchers and clinicians in this field. For example, providing 
education to the clinical sector about the findings from this study (i.e., it is not harder 
for people with mental disorders to engage in PA) may reduce a sense of therapeutic 
nihilism concerning PA. Encouraging people with mental disorders to optimize their 
PA should be encouraged, and our results suggest that, in general, those with 
mental disorders do not start from a worse baseline with respect to PA.  
 
The relationship between mental disorders and PA is complex. It should be 
acknowledged that the findings of this thesis, albeit encouraging, are far from 
conclusive. This thesis represents a strong starting point for further research in 
exploring this complex relationship. For instance, as discussed above, it is possible 
that the self-report PA status may have underestimated the effect of mental 
disorders in these Chapters. A better PA measurement may improve our 
understanding of the relationship. In addition to how PA is measured, future studies 
should also consider the timing of the PA (e.g. at specific ages across the lifespan) 
and the duration of the PA (e.g. years as opposed to weeks). Future studies should 
also examine how PA interventions may impact on both physical and psychiatric 
outcomes both in the short-term (e.g. changes in cardiometabolic parameters and 
symptom severity), and in the long-term (e.g. changes in life expectancies and 
disease progression) for people with mental disorders. 
 
Some of the findings from the current thesis may assist in formulating future 
interventions. For instance, it was striking how different measures of social 
connectedness (e.g., reduced subjective loneliness, increased objective social 
connectedness, employment and educational enrolment) were all consistently 
associated with increased PA status in people with SMDs in Chapter 3. Thus, 
increasing the social connectedness through PA may be one of the ways in which 
the interventions can be sustainable. One may argue that PA interventions should be 
made more available and accessible to people with mental disorders given the much 
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larger potential benefit from such interventions. This should start from the acute 
setting (i.e., acute inpatient wards), and continued long-term through to community 
care teams then to the primary care setting after patients are discharged from the 
specialized mental health services.  
 
To embed such care within the existing mental health services, consideration should 
be given to initiatives such as employing PA specialists (e.g. exercise physiologists 
and physiotherapists) within the multi-disciplinary teams, and/or upskilling the mental 
health clinicians regarding the importance of PA and physical health in people with 
mental disorders (Lederman et al., 2017). Although outside of the scope of the 
current thesis, I have been active in translating my epidemiological findings into 
clinical settings during my candidature. The knowledge I have gained from Chapter 2 
(the correlates of PA for people living with psychotic disorders) has allowed me to 
help expand a clinical trial evaluating the implementation of a PA program in 
residential settings for people with psychotic disorders (Korman et al., 2018). 
Likewise, I have helped design and implement a randomized control trial to examine 
PA motivation in people with mental disorders (Chapman et al., 2018). As illustrated 
in the thesis, one of the most striking discoveries for me during my candidature was 
how much the current research in the field was limited by the inconsistency in how 
PA is measured and categorized. I am currently leading a clinical trial to examine the 
acceptability of different PA measurement tools among people with SMDs. I have 
been fortunate to attract multiple grants and scholarships for this project as outlined 
in the earlier sections of this thesis.   
 
That said, the reality of many current mental health services in Australia is that 
patients are encouraged to be transferred to the primary care sector as swiftly as 
possible once their psychiatric symptoms settle. Thus, strengthening the link 
between the mental health services and the primary health care sector remains of 
the utmost importance. Some of the physical health complications that contribute to 
the differential mortality can take years and decades after the initial onset of 
psychiatric symptoms to manifest. It is doubtful that mental health services can 
provide an adequate level or duration of care for the physical health needs of people 
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with mental disorders. Therefore, a clear understanding of role responsibilities and 
adequate communication between psychiatry and general practice from the onset of 
psychiatric illness to discharge back to the primary care is critical in ensuring that 
people with mental disorders receive the care they need.  
 
Conclusion  
The current thesis presents an epidemiological examination of the relationship 
between mental disorders and PA, in particular, how mental disorders may impact 
PA. Contrary to the hypotheses, using data from three large Australian cohort 
studies and a systematic review, no convincing association was found between the 
presence of mental disorders and reduced PA status. That is, the traditionally held 
assumption that mental disorders negatively impact PA may be a clinician’s illusion, 
and diagnoses of mental disorders should not be seen as a barrier to PA 
engagement. With this encouragement, it is time to translate the efficacy seen in 
clinical trials into effective implementation in every day clinical practice to reduce the 
differential mortality among people with mental disorders.   
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